J$.J> Micro Linear 


SEMI-STANDARD ANALOG 


1993 


DATA BOOK 


Micro 
Linear Corporation, 
headquartered 
in San Jose, California, 
was 
founded 
in 1983 as an Analog 
USIC (user specified) 
integrated 
circuit 


manufacturer. 
The Corporation 
occupies 
100,000 
square feet of office 
and 
manufacturing 
space on six acres of land. The greater part of this space is 


used for state of the art engineering, 
test and wafer metallization 
facilities. 


Micro 
Linear, a pioneer 
in analog semi-custom 
integrated 
circuits, 
continues 
to expand 
its catalog with 
a unique 
tile array design 
methodology. 
This advanced 
proprietary 
tile array approach 
allows 


custom 
designs, and standard 
products 
that can be quickly 
modified 
with 


minimum 
expense and risk to the end customer. 
The analog design skills 
and tile array methodology 
are strengths that separate Micro 
Linear from 
its competitors. 


This standard 
product 
catalog 
has grown 
through 
the years to include 
more than 120 products 
and 25 arrays serving the following 
markets 


Data Communications 


Telecommunications 


Hard Disk Drive 


Motor 
Control 


Switch 
Mode 
Power Supply 


Data Acquisition 


Bus Products 


Mixed 
Signal USIC 


Micro 
Linear is committed 
to supplying 
complex 
mixed signal integrated 


circuit 
solutions 
with 
the highest quality 
and best service possible. 
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The ability 
to modify 
standard 
integrated 
circuit 
products 
offers a new dimension 


and power to users of integrated 
circuits. 
By modifying 
a standard 
product 
the 
customer 
gains a level of product 
optimization 
that otherwise 
would 
not exist. At 
the foundation 
of Micro 
Linear's business is this ability, 
along with 
the eagerness, to 
provide 
optimized 
integrated 
circuits 
to its customers. 
This is "Semi-Standard 
Integrated 
Circuits." 


Semi-Standard 
can mean a change 
in the functionality 
of a device, 
an adjustment 
to a performance 
parameter, 
or even something 
as simple 
as a variation 
in the 


physical 
marking 
on the Ie. The customer 
can define a change to one of Micro 
Linear's standard catalog 
products 
to gain a performance 
edge, power 
savings, or 
lower system cost. Micro 
Linear's goal is to provide 
the maximum 
amount 
of 


flexibility 
such that the customer 
can reap these benefits and be able to offer an 


improved 
end product 
for today's competitive 
environment. 


Semi-Standard 
ICs offer a superior 
alternative 
over custom, 
and even semi-custom 


solutions. 
The level of technical 
risk is significantly 
reduced 
because only an 
incremental 
change 
is made to an already 
proven 
product. 
And faster time-to- 
market 
is enjoyed 
due to a combination 
of a shorter development 
time and the 
added benefit 
of being able to debug many of the system related 
issues by using the 
standard 
product. 


Micro 
Linear offers this unique 
capability 
to enact functional 
changes to its 
standard 
products 
because of its Tile Array methodology. 
Tile Arrays are collections 
of uncommitted 
active and passive components 
arranged 
in patterns on an 


integrated 
circuit 
wafer. Circuits 
are implemented 
by designing 
the metal 


interconnect 
layers which 
are used in the final step of the wafer manufacturing 
process. The effectiveness 
of the Semi-Standard 
methodology 
is demonstrated 
in 


the fact that Micro 
Linear has been supplying 
very high volume 
standard 
products 
in fast moving 
dynamic 
markets since its inception. 


Semi-Standard 
is a product. 
But it is also a way of doing 
business. The wherewithal 


to perform 
the customer 
changes is not enough. 
A successful 
supplier 
of Semi- 
Standard 
integrated 
circuits 
must also have the design methodology, 
mind set, and 
culture 
of Semi-Standard. 
Since Micro 
Linear was founded 
and structured 
as a 


supplier 
of semi-custom 
analog and analog/digital 
integrated 
solutions 
these traits 
are firmly 
rooted 
in the company . 
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LIFE SUPPORT 
POLICY 


MICRO 
LINEAR'S 
PRODUCTS 
ARE NOT 
AUTHORIZED 
FOR USE AS CRITICAL 
COMPONENTS 
IN LIFE SUPPORT 
DEVICES 
OR SYSTEMS WITHOUT 


THE EXPRESS WRITIEN 
APPROVAL 
OF THE PRESIDENT 
OF MICRO 
LINEAR 
CORPORATION. 
As l1Sed herein: 


1. Life support devices or systems are devices or systems which, 
(a) are 


intended 
for surgical 
implant 
into the body, 
or (b) support 
or sustain 
life, 


and whose failure to perform, 
when 
properly 
used in accordance 
with 


instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 


to result in a significant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support device 
or 


system whose failure to perform 
can be reasonably 
expected 
to cause the 


failure of the life support devic,e or system, or to affect its safety or 


effectiveness. 


Micro 
linear 
reserves the right to make changes at any time, without 
nOlice, to any of its products, 
specifications, 
processes, and suppliers. 
The 


application 
notes, schematic 
diagrams, 
printed circuit 
layouts and other information 
contained 
herein 
is provided 
as application 
aids only and are 


therefore 
provided 
"AS IS." MICRO 
LINEAR 
MAKES 
NO 
WARRANTIES 
WITH 
RESPECT TO THE INFORMATION 
CONTAINED 
HEREIN, 
EXPRESS, 


IMPLIED, 
STATUTORY 
OR OTHERWISE, 
AND 
MICRO 
LINEAR 
EXPRESSLY DISCLAIMS 
ANY 
IMPLIED 
WARRANTIES 
OF MERCHANTABILITY, 


NON-INFRINGEMENT 
OF THIRD 
PARTY INTELLECTUAL 
PROPERTY 
RIGHTS 
AND 
FITNESS FOR A PARTICULAR 
PURPOSE. 
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Part Number and Package Type Explanation 


Temperature 
Range 


M ; -SsoC 
to + 12SoC 


I ; --4DoC to +BSoC 


C ; 
DOC to +7DoC 
• 


Description 


Side Brazed 
Hermetic 
DIP 


Flat Pack 


Ceramic 
Hermetic 
DIP (CERDIP) 


Ceramic 
Leadless 
Chip 
Carrier 
(LCC) 


Plastic 
DIP 


Plastic 
Chip 
Carrier 
(PCC) 


Small 
Outline 
(SOIC) 


(PQPP) 
Plastic 
Quad 
Flat Pack 


Shrink 
Small 
Outline 
Package 
(SSOP) 


Thin 
Quad 
Flat Pack (TQFP) 
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Alternate Source Part Number 


Analog 
Devices 
Micro 
Linear 
Part Number 
Direct 
Replacement' 


AD7820BQ 
Ml2261C1) 


AD7820CQ 
Ml2261Blj 


AD7820KN 
Ml2261CCP 


AD7820KP 
Ml2261CCQ 


AD7820lN 
Ml2261BCP 


AD7820lP 
Ml2261BCQ 


AD7820TQ 
Ml2261CMj 


AD7820UQ 
Ml2261BMj 


AD7824BQ 
Ml2264CIj 
AD7824CQ 
Ml2264BIj 


AD7824KN 
Ml2264CCP 
AD7824lN 
Ml2264BCP 


AD7824TQ 
Ml2264CMj 


AD7824UQ 
Ml2264BMj 


Exar 
Micro 
Linear 
Part 
Number 
Direct 
Replacement' 


XRl17R-2CP 
Mll17R-2CP 


XRl17R-4CP 
M1117R-4CP 
XRl17R-4MD 
Mll17R-4CS 


XRl17R-6Cj 
Mll17R-6CQ 


XRl17R-6CP 
Mll17R-6CP 


XRl17R-6MD 
Mll17R-6CS 


XRl17-2CN 
Mll17-2Cj 


XRl17-2CP 
Mll17-2CP 


XRl17-2MD 
Mll17-2CS 


XRl17-4CN 
Mll17-4Cj 


XRl17-4CP 
Mll17-4CP 


XRl17-4MD 
Mll17-4CS 


XRl17-6Cj 
Mll17-6CQ 


XRl17-6CN 
Mll17-6Cj 


XRl17-6CP 
Mll17-6CP 


XRl17-6MD 
Mll17-6CS 


LTC 
Micro 
Linear 


Part 
Number 
Direct 
Replacement' 


LTC1060ACj 
Ml2110BIj2 
LTC1060ACN 
Ml2110BCP' 


lTC1060AMj 
Ml2110BMj2 
lTC1060CJ 
Ml2110Clj2 
lTC1060CN 
Ml2110CCP' 


LTC1060Mj 
Ml2110CMj2 


NSC 
Micro 
Linear 


Part Number 
Direct 
Replacement! 


ADC0808CJ 
ADC0808Cj 
Ml2258BMJ 
ADC0808CCj 
ADC0808CCj 
Ml2258BIj 
ADC0808CCV 
ADC0808CCV 
Ml2258BIQ 
ADC0809CCN 
ADC0808CCN 
Ml2258C1P 
ADC0809CCV 
ADC0809CCV 
Ml2258C1Q 
ADC0820BCj 
Ml2261BIj 
ADC0820BCN 
Ml2261BCP 
ADC0820BCV 
Ml2261BCQ 
ADC0820CCj 
Ml2261C1j 
ADC0820CCN 
Ml2261CCP 
ADC0820CCV 
Ml2261CCQ 
ADC0820Cj 
Ml2261CMj 
ADC0831BCj 
ADC0831BCj 
Ml2281BIJ 
ADC0831BCN 
ADC0831BCN 
Ml2281BCP 
ADC0831CCj 
ADC0831CCj 
Ml2281C1j 
ADC0831CCN 
ADC0831CCN 
Ml2281CCP 
ADC0832BCj 
ADC0832BCj 
Ml2282BIj 
ADC0832BCN 
ADC0832BCN 
Ml2282BCP 
ADC0832CCj 
ADC0832CCJ 
Ml2282CIj 
ADC0832CCN 
ADC0832CCN 
Ml2282CCP 
ADC0833BCJ 
ADC0833BCj 
Ml2283BIj 
ADC0833BCN 
ADC0833BCN 
Ml2283BCP 
ADC0833CCj 
ADC0833CCJ 
Ml2283CIj 
ADC0833CCN 
ADC0833CCN 
Ml2283CCP 
ADC0834BCJ 
ADC0834BCj 
Ml2284Blj 
ADC0834BCN 
ADC0834BCN 
Ml2284BCP 


Note 1. 100%pin-for-pin compatible with improved electrical specifications. 


Note 
2. Consult 
data 
sheet for electrical 
specifications 
that 
may vary from 
limit 
or conditions 
of alternate 
source. 


Note 
3. Alternate 
source 
ships -40°C 
to +85°C 
product 
as molded; 
Micro 
Linear 
does 
this on a customer 
need 
basis. 
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N5C 
Micro 
Linear 


Part 
Number 
Direct 
Replacement' 


ADC0834CCj 
ADC0834CCj 
ML2284Clj 


ADC0834CCN 
ADC0834CCN 
ML2284CCP 


ADC0838BCj 
ADC0838BCJ 
ML2288BIj 


ADC0838BCN 
ADC0838BCN 
ML2288BCP 


ADC0838BCV 
ADC0838BCV 
ML2288BCQ 


ADC0838CCj 
ADC0838CCj 
ML2288C1j 


ADC0838CCN 
ADC0838CCN 
ML2288CCP 


ADC0838CCV 
ADC0838CCV 
ML2288CCQ 


ADC1061Clj 
ML2271Clj 


ADC1061CIN 
ML2271CCp3 


ADC1061CIWM 
ML2271CC53 


ADC1061CMj 
ML2271CMj 


DP5016QC 
ML501-6CQ 


DP5016RQC 
ML501R-6CQ 


DP5018QC 
ML501-8CQ 


DP5018RQC 
ML501R-8CQ 


t/A5016QC 
ML501-6CQ 


t/A5016RQC 
ML501R-6CQ 


t/A5018QC 
ML501-8CQ 


t/A5018RQC 
ML501R-8CQ 


DP8464BN-3 
ML8464B-3Cp2 
DP8464BV-3 
ML8464B-3CQ2 
DP8464BN-2 
ML8464B-2Cp2 
DP8464BV-2 
ML8464B-2CQ2 
DP8464BN-2 
ML8464B-2Cp2 
DP8464BN-3 
ML8464B-3Cp2 
DP8464BV-2 
ML8464B-2CQ2 
DP8464BV-3 
ML8464B-3CQ2 


DP8468BTP-3 
ML4568-3CQ2 


DP8468BTP-2 
ML4568-2CQ2 
LMF100CCN 
ML2111CCP 


LMF100CCWM 
ML2111CC5 


MF10Aj 
ML2110CMj2 
MF10ACN 
ML2110BCp2 
MF10CCj 
ML2110Clj2 


MF10CCWM 
ML2110CC52 


MF10CCN 
ML2110CCP2 


Silicon Systems, Inc. 


551 
Part 
Number 


551 32P541-CH 
551 32P541-P 
551 32P541A-CH 
551 32P541A-P 
551 32P541 B-CH 
551 32P541 B-P 
551 32R117R-2P 
551 32R117R-4F 
551 32R117R-4P 
551 32R117R-6F 
551 32R117R-6H 
551 32R117R-6P 
551 32R117-2P 
551 32R117-4F 
551 32R117-4P 
551 32R117-6F 
551 32R117-6H 
551 32R117-6P 
551 32R501 R-6H 
551 32R501 R-8F 
551 32R501 R-8H 
551 32R501 R-8P 
551 32R501-6H 
551 32R501-8F 
551 32R501-8H 
551 32R501-8P 
551 32R511 R-45 
551 32R511 R-6H 
551 32R511 R-6P 
551 32R511R-65 
551 32R511 R-8H 
551 32R511 R-8P 
551 32R511 R-85 
551 32R511-45 
551 32R511-6H 
551 32R511-6P 
551 32R511-65 
551 32R511-8H 
551 32R511-8P 
551 32R511-85 


Micro 
Linear 
Direct 
Replacement' 


ML541CQ 
ML541CP 
ML4042CQ 
ML4042CP 
ML4042CQ 
ML4042CP 
ML117R-2CP 
ML117R-4CF 
ML117R-4CP 
ML117R-6CF 
ML117R-6CQ 
ML117R-6CP 
ML117-2CP 
ML117-4CF 
ML117-4CP 
ML117-6CF 
ML117-6CQ 
ML117-6CP 
ML501R-6CQ 
ML501R-8CF 
ML501R-8CQ 
ML501R-8CP 
ML501-6CQ 
ML501-8CF 
ML501-8CQ 
ML501-8CP 
ML511R-4C5 
ML511R-6CQ 
ML511R-6CP 
ML511R-6C5 
ML511R-8CQ 
ML511R-8CP 
ML511R-8C5 
ML511-4C5 
ML511-6CQ 
ML511-6CP 
ML511-6C5 
ML511-8CQ 
ML511-8CP 
ML511-8C5 


D 


Note 1. 100%pin-for-pin compatible with improved eleclrical specifications. 


Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 


Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 


• ~ Micro Linear 


NSC 
Micro 
Linear 
Part 
Number 
Direct 
Replacement' 


ADC0808Mj 
ML2258BMJ 


ADC0808FN 
ML2258BCQ 


ADC0808N 
ML2258BIP 


ADC0809FN 
ML2258CCQ 


ADC0809N 
ML2258CIP 


TLC0820ACN 
ML2261CCP 


TLC0820ACFN 
ML2261CCQ 
TLC0820BCN 
ML2261BCP 


TLC0820BCFN 
ML2261BCQ 


ADC0831ACP 
ML2281CCP 


ADC0831AIP 
ML2281C1j3 
ADC0831BCP 
ML2281BCP 


ADC0831BIP 
ML2281BIj3 
ADC0832ACP 
ML2282CCP 


ADC0832AJP 
ML2282C1j3 
ADC0832BCP 
ML2282BCP 


ADC0832BIP 
ML2282BIj3 
ADC0834ACN 
ML2284CCP 


ADC0834AIN 
ML2284C1j3 


ADC0834BCN 
ML2284BCP 


ADC0834BIN 
ML2284BIj3 
ADC0838ACN 
ML2288CCP 


ADC0838AIN 
ML2288C1j3 
ADC0838CCN 
ML2288BCP 


ADC0838BIN 
ML2288BIj3 


Unitrode 
Micro 
Linear 


Part 
Number 
Direct 
Replacement1 


UC1823j 
ML4823MJ 
UC1825j 
ML4825Mj 
UC2823N 
ML48231P 


UC2823Q 
ML48231Q 


UC2825N 
ML48251P 


UC2825Q 
ML48251Q 


UC3823N 
ML48231P 


UC3823Q 
ML4823CQ 


UC3825N 
ML48251P 


UC3825Q 
ML4825CQ 


VTC 
Micro 
Linear 


Part 
Number 
Direct 
Replacement! 


VM117-2DK 
ML117-2Cj 


VM117-2PK 
ML117-2CP 


VM117-4FK 
ML 117-4CF 


VM117-4PK 
ML117-4CP 


VM117-4DK 
ML117-4Cj 


VM117-6PK 
ML117-6CP 


VM117-6DK 
ML117-6Cj 


VM117-6PK 
ML117-6CP 


VM117-6PLK 
ML117-6CQ 


VM117R-2DK 
ML 117R-2Cj 


VM117R-2PK 
ML117R-2CP 


VM117R-4FK 
ML117R-4CF 


VM117R-4PK 
ML117R-4CP 


VM117R-4DK 
ML117R-4Cj 


VM117R-6DK 
ML 117R-6Cj 


VM117R-6PK 
ML117R-6CP 


VM117-6PLK 
ML117R-6CQ 


VM217-6PK 
ML501-6CP 


VM217-6PLK 
ML501-6CQ 


VM217-8PK 
ML501-8CP 


VM217-8PLK 
ML501-8CQ 


Note 
1. 100% 
pin-for-pin 
compatible 
with 
improved 
electrical 
specifications. 


Note 
2. Consult 
data sheet 
for electrical 
specifications 
that 
may vary from 
limit 
or conditions 
of alternate 
source. 


Note 
3. Alternate 
source 
ships -40°C 
to +85OC product 
as molded; 
Micro 
linear 
does 
this on a customer 
need 
basis. 


'-Micro 
Linear 


'~MicroLinear 


Alpha Numeric Index 


FB3410 
FB3420 
FB3430 
FB3480 
FB3490 
FB3491 
FB3492 
FB3605 
FB3610 
FB3620 
FB3621 
FB3622 
FB3623 
FB3630 
FB3631 
FB3635 
FB3651 
FB3680 
FC3510 
FC3560 
FC3580 
MLl17 
MLl17R 
ML501 
ML501R 
ML502 
ML502R 
ML502S 
ML511 
ML511R 
ML541 
ML1825 
ML2003 
ML2004 
ML2008 
ML2009 
ML2020 
ML2021 
ML2031 
ML2032 
ML2035 
ML2036 
ML2110 
ML2111 
ML2200 
ML2208 
ML2221 
ML2222 
ML2223 
ML2230 
ML2233 


Small General 
Purpose Tile Array 
Medium 
General 
Purpose Tile Array 
Large General 
Purpose Tile Array 
. 
Power Supply Controller 
Array......... 
. 
. 
General 
Purpose PWM Controller 
Array 
..................•... 
Resonant Mode Controller 
Array 
. 
Phase Modulation 
Controller 
Array. 


Small High Frequency 
Tile Array 
General 
Purpose Tile Array........................ 
. 
. 


General 
Purpose Tile Array......... 
.............•... 
Medium 
High Frequency 
Tile Array 
............•....... 
Medium 
Power Schottky 
Tile Array 
. 
Medium 
High Power Tile Array................... 
. 
. 


General 
Purpose Tile Array................ 
.....................•...... 
. 
. 


Large Mixed 
Analog/Digital 
Tile Array......................... 
. 
. 


Large Mixed 
Analog/Digital 
Tile Array 
.....•..................... 
LAN Transceiver 
Tile Array...... 
. 
. 
Electronic 
Ballast & Power Factor Tile Array 
....••.................. 


General 
Purpose BiCMOS 
Tile Array 
.........•............•.•.. 
..........•..... 
. 
. 
Read Channel 
Tile Array.......... 
............•.................... 
Micro 
Power Controller 
Tile Array... 
. 
. 


2,4, 
or 6-Channel 
Readf\Nrite 
Circuits 
. 
2,4, 
or 6-Channel 
Readf\Nrite 
Circuits 
......................• 
" ...........•. 


6,7, 
or 8-Channel 
Readf\Nrite 
Circuits 
. 


6, 7, or 8- Channel 
Readf\Nrite 
Circuits 
.....•...............•.............•................. 


6, 7, or 8-Channel 
Readf\Nrite 
Circuits 
.. 
. 
. 


6, 7, or 8-Channel 
Readf\Nrite 
Circuits 
......................•....... 


6, 7, or 8-Channel 
Readf\Nrite 
Circuits. 
4, 6, 7, or 8-Channel 
Read f\Nrite 
Circuits 
. 
4,6,7, 
or 8-Channel 
Readf\Nrite 
Circuits 
.. 
Read Data Processor ..... 
High Frequency 
Power Supply Controller. 


Logarithmic 
Gain/Attenuator 
. 


Logarithmic 
Gain/Attenuator 
.................•.. 


IlP Compatible 
Logarithmic 
Gain/Attenuator 
. 
IlP Compatible 
Logarithmic 
Gain/Attenuator 
" •...... 
Telephone 
Line Equalizer 
. 
. 
Telephone 
Line Equalizer 
.................•...........•...............•.... 


Tone Detector 
.........................••..................... 
Tone Detector 
. 
. 


Programmable 
Sinewave 
Generator 
................•............... 
" ••...... 
Programmable 
Sinewave 
Generator 
......•..............•... 


Universal 
Dual Filter ........................................•..... 


Universal 
Hi-Frequency 
Dual Filter 
. 


12-Bil + Sign Data Acquisition 
Peripheral 
. 
. 
12-Bit + Sign Data Acquisition 
Peripheral... 
. 
. 
Serial Peripheral 
Interface 
12-Bit Plus Sign NO Converter 
with 
Sample & Hold 
. 
Serial CODEC/DSP 
Interface 
12-Bit 
Plus Sign NO Converter 
with 
Sample & Hold 
. 
Serial Asynchronous 
Interface 
12-Blt Plus Sign NO Converter 
with 
Sample 
& Hold 
IlP Compatible 
12-Blt Plus Sign NO Converter 
with Sample and Hold 
.. 
Il? Compatible 
12-Bit Plus Sign NO 
Converter with Sample 
and Hold 
: 


PAGE 


7-21 
7-21 
7-21 
7-26 
7-37 
7-38 
7-39 
7-12 
7-13 
7-13 
7-14 
7-15 
7-16 
7-13 
7-17 
7-18 
7-23 
7-25 
7-6 
7-22 
7-24 
5-5 
5-5 
5-13 
5-13 
5-13 
5-13 
5-13 
5-21 
5-21 
5-29 
6-5 
3-2 
3-2 
3-13 
3-13 
3-22 
3-33 
3-44 
3-44 
3-52 
3-52 
3-64 
3-83 
2-5 
2-5 
2-33 
2-47 
2-48 
2-56 
2-72 


a 


.~Micro Linear 


~ha 
Numeric 
Index 


ML2252 
ML2258 
ML2259 
ML2261 
ML2264 
ML2271 
ML2280 
ML2281 
ML2282 
ML2283 
ML2284 
ML2288 
ML2340 
ML2341 
ML2350 
ML2351 
ML2375 
ML2377 
ML2652 
ML4041 
ML4042 
ML4401 
ML4402 
ML4403 
ML4404 
ML4406 
ML4407 
ML4408 
ML4410 
ML4411 
ML4413 
ML4415 
ML4415R 
ML4416 
ML4416R 
ML4417 
ML4418 
ML4427 
ML4431 
ML4506 
ML4508 
ML4510 
ML4532 
ML4533 
ML4534 
ML4535 
ML4536 
ML4568 
ML4610R 
ML4611 R 
ML4621 
ML4622 
ML4624 
ML4632 
ML4642 
ML4652 
ML4654 
ML4658 


~P Compatible 
8-Bit NO Converter 
with 
2-Channel 
Multiplexer 
.. 


~P Compatible 
8-Bit NO Converter 
with 
8-Channel 
Multiplexer 
.. 


~P Compatible 
8-Bit NO Converter 
with 
8-Channel 
Multiplexer 
.. 
~P Compatible 
High Speed 8-Bit NO Converter 
with T/H (S/H) ...................•................. 
4-Channel 
High Speed 8-Bit NO Converter 
with T/H (S/H) ... 


~P Compatible 
High Speed 1O-Bit NO Converter 
with 
S/H 


8-Bit Serial NO Converter 
...........•.............•..........................•.... 
8-Bit Serial NO Converter 
............•...... 


8-Bit Serial NO Converter 
with 
2-Channel 
Multiplexer 


8-Bit Serial NO Converter 
with 
4-Channel 
Multiplexer 
........••......... 


8-Bit Serial NO Converter 
with 
4-Channel 
Multiplexer 
..... 
.......................•... 
8-Bit Serial NO Converter 
with 
8-Channel 
Multiplexer.. 
..........•......... 
............•........... 
,•.............•..... 
Single Supply 
Programmable 
8-Bit D/A Converter 
...........•.•... 
Single Supply 
Programmable 
8-Bit D/A Converter 


Single Supply 
Programmable 
8-Bit D/A Converter 


Single Supply 
Programmable 
8-Bit D/A Converter 
.........•........ 
DSP Analog 
I/O Peripheral 
.........................•.............••.............•.... 
DSP Analog 
I/O Peripheral 
............•..... 


10 BASE-T Physical 
Interface 
Chip ... 


Read Data Processor ..... 
Read Data Processor ...................••... 
Servo Demodulator 
..... 
.........•..............•... 


Servo Driver 
...............••...... 


Servo Controller 
. 


Trajectory 
Generator 


Disk Voice 
Coil Servo Driver 
.........••.............•••...........••....... 
Disk Voice 
Coil Servo Driver 
..........•....... 


Low Voltage 
Voice 
Coil Servo Driver 
..........••............•.•..............•...... 
Sensorless Spindle 
Motor 
Controller 
......••.............•. 
..••.............•..•.........•.•.... 
Sensorless Spindle 
Motor 
Controller. 
.........••.............•...... 
....•.•...........•.•...... 
Servo Controller 
..........•.............•....... 


15-Channel 
ReadMirite 
Circuit 


15-Channel 
ReadMirite 
Circuit 
.... 


14-Channel 
ReadMirite 
Circuit 
with 
CS 
14-Channel 
ReadMirite 
Circuit 
with CS 
Zoned 
Bit Recording 
Circuit 
. 


Low Saturation 
Voice 
Coil Servo Driver 


Zoned 
Bit Recording 
Circuit 
....................................•.•• 
Servo Demodulator 
5V Disk Voice Coil Servo Driver. 
Low Saturation 
5V Voice Coil Servo Driver 
............•..... 
5V Sensorless Spindle 
Motor 
Controller 
. 


Servo Burst Area Detector 
with 
PWM 
. 


Servo Burst Area Detector 
without 
PWM 


Area Detector 
Based Embedded 
Servo Demodulator 
. 
Area Detector 
Based Hybrid 
Servo Demodulator 
. 
Servo Burst Area Detector 
without 
PWM DAC ..............••..... 


Disk Pulse Detector 
+ Embedded 
Servo Detector 
.........•.• 
5V, 2-, 4-Channel 
Thin-Film 
ReadMirite 
Circuit 


5V, 2-, 4-Channel 
Thin-Film 
ReadMirite 
Circuit 


Fiber Optic 
Data Quantizer 
. 


Fiber Optic 
Data Quantizer 
. 


Fiber Optic 
Data Quantizer 
Fiber Optic 
LED Driver 


AUI Multiplexer 
. 


1OBASE-T Transceiver 
.................................•........ 


1OBASE-T Transceiver 
for Hubs. 
1OBASE-T Transceiver 
with 
Autopolarity 
...........•.............•. 


2-88 
2-99 
2-88 
2-110 
2-125 
2-140 
2-153 
2-171 
2-171 
2-153 
2-171 
2-171 
2-191 
2-202 
2-191 
2-202 
2-214 
2-214 
4-3 
5-39 
5-39 
5-50 
5-56 
5-61 
5-71 
5-82 
5-82 
5-88 
5-95 
5-106 
5-61 
5-118 
5-118 
5-118 
5-118 
5-126 
5-136 
5-126 
5-143 
5-151 
5-158 
5-159 
5-168 
5-168 
5-179 
5-186 
5-168 
5-197 
5-205 
5-205 
4-21 
4-27 
4-27 
4-35 
4-41 
4-55 
4-71 
4-55 


G~Micro Linear 


__________________ 
Alpha Numeric 
Index 


ML4661 
ML4661 EVAL 
ML4662 
ML4662EVAL 
ML4663 
ML4663EVAL 
ML4809 
ML4810 
ML4811 
ML4812 
ML4812EVAL 
ML4813 
ML4815 
ML4816 
ML4817 
ML4818 
ML4818EVAL 
ML4819 
ML4821 
ML4821 EVAL 
ML4823 
ML4825 
ML4830 
ML4861 
ML4861 EVAL 
ML4862 
ML4862EVAL 
ML600X 
ML6005 
ML6006 
ML6007 
ML6010 
ML6622 
ML6632 
ML6671 
ML6682 
ML8464B 
ML8464C 


FOIRL Transceiver 
. 
FOIRL Evaluation 
Kit 
. 


1OBASE-FL Transceiver 
10BASE-FL Evaluation 
Kit 
. 
Single Chip lOBASE-FL Tranceiver 
. 
1OBASE-FL Evaluation 
Kit 
. 
High Frequency 
Current 
Mode 
PWM Controller 
High Frequency 
Current 
Mode 
PWM Controller. 


High Frequency 
Current 
Mode 
PWM Controller 
..... 
Power Factor Controller 
Evaluation 
Kit .. 
Power Factor Controller 
. 
Flyback 
Power Factor Controller 
. 
Zero Voltage 
Switching 
Resonant Controller 
..........................• 


High Frequency 
Multi-Mode 
Resonant Controller 


High Frequency 
Single Ended PWM Controller. 


Phase Modulation/Soft 
Switching 
Controller 


Phase Modulation 
Controller 
Evaluation 
Kit 
Power Factor and PWM Controller 
"Combo" 
.............•.... 


Power Factor Controller 
. 


Average Current 
PFC Controller 
Evaluation 
Kit ....................•..... 
High Frequency 
Current 
Mode 
PWM Controller 
High Frequency 
Current 
Mode 
PWM Controller 


Electronic 
Ballast Controller 
... 


Low Voltage 
Boost Regulator 


Low Voltage 
800st Regulator 
Evaluation 
Kit 
Battery Power Controller 
IC . 
Battery Power Controller 
Evaluation 
Kit ..... 
Read Channel 
Filter/Equalizer 
Users Guide 
24 Mbps Read Channel 
Filter/Equalizer 
36 Mbps Read Channel 
Filter/Equalizer 


48 Mbps Read Channel 
Filter/Equalizer 
Integrated 
Read Channel 
Processor 
High-Speed 
Data Quantizer 
. 
High-Speed 
Fiber Optic 
LED Driver 
TP-PMD 
ML T-3 Transceiver 
Token 
Ring Physical 
Interface Chip 


Pulse Detector 
Pulse Detector 
.......•..............•....... 


4-81 
4-91 
4-92 
4-104 
4-105 
4-119 
6-12 
6-23 
6-23 
6-31 
6-45 
6-46 
6-58 
6-71 
6-85 
6-93 
6-104 
6-105 
6-119 
6-127 
6-128 
6-135 
6-142 
6-146 
6-151 
6-152 
6-162 
5-233 
5-211 
5-221 
5-231 
5-239 
4-120 
4-125 
4-129 
4-130 
5-247 
5-247 


III 


.~Micro Linear 


~~Micro Linear 


AID Converters, DI A Converters 


Section 2 


Selection Guide 
. 


ML2200 
12-Bit + Sign Data Acquisition 
Peripheral 
. 


ML2208 
12-Bit + Sign Data Acquisition 
Peripheral 
. 


ML2221 
Serial Peripheral Interface 12-Bit Plus Sign NO Converter 


with Sample & Hold 
. 


ML2222 
Serial COOEC/OSP Interface 12-Bit Plus Sign NO Converter 


with Sample & Hold 
. 


ML2223 
Serial Asynchronous Interface 12-Bit Plus Sign NO Converter 


with Sample & Hold 
. 


ML2230 
IJPCompatible 12-Bit Plus Sign NO Converter with Sample and Hold 
. 


ML2233 
IJPCompatible 12-Bit Plus Sign NO Converter with Sample and Hold 
. 


ML2252 
IJPCompatible 8-Bit NO Converter with 2-Channel Multiplexer 
. 


ML2258 
IJPCompatible 8-Bit NO Converter with 8-Channel Multiplexer 
. 


ML2259 
IJPCompatible 8-Bit NO Converter with 8-Channel Multiplexer 
. 


ML2261 
IJPCompatible High Speed 8-Bit NO Converter with T/H (S/H) 
. 


ML2264 
4-Channel High Speed 8-Bit NO Converter with T/H (S/H) 
. 


ML2271 
IJPCompatible High Speed 1O-Bit NO Converter with S/H 
. 


ML2280 
8-Bit Serial NO Converter 
. 


ML2281 
8-Bit Serial NO Converter 
. 


ML2282 
8-Bit Serial NO Converter with 2-Channel Multiplexer 
. 


ML2283 
8-Bit Serial NO Converter with 4-Channel Multiplexer 
. 


ML2284 
8-Bit Serial NO Converter with 4-Channel Multiplexer 
. 


ML2288 
8-Bit Serial NO Converter with 8-Channel Multiplexer 
. 


ML2340 
Single Supply Programmable 8-Bit O/A Converter 
. 


ML2341 
Single Supply Programmable 8-Bit O/A Converter 
. 


ML2350 
Single Supply Programmable 8-Bit O/A Converter 
. 


ML2351 
Single Supply Programmable 8-Bit O/A Converter 
. 


ML2375 
OSPAnalog I/O Peripheral.......... 
.. 
. 


ML2377 
OSPAnalog I/O Peripheral.. 
.. 
. 


2-48 


2-56 


2-72 


2-88 


2-99 


2-88 


2-110 


2-125 


2-140 


2-153 


2-171 


2-171 


2-153 


2-171 


2-171 


2-191 


2-202 


2-191 


2-202 


2-214 


2-214 


• 


.~Micro Linear 


$~Micro Linear 


'-Micro 
Linear 
AI D Converters 


Selection Guide 


Non 
Conversion 
Power 
Temperature 


Part 
Resolution 
linearity 
Dynamic Performance 
Time 
Supplies 
Rangel 


Number 
(Bits) 
(Max lSB) 
Signal to Noise Ratio 
Ips) 
(V) 
C 
I 
M 
Package 
Comments 


ADC0808 
8 
±1/2 
6.6 
5 (±10%) 
X 
X 
X 
28-Pin DIp, 
Ill' Camp, 


28-Pin PCC 
8-CH 


ADC0809 
8 
±1 
6.6 
5 (±10%) 
X 
X 
X 
28-Pin DIp, 
Ill' Camp, 


28-Pin PCC 
8-CH 


ADC0831B 
8 
±1/2 
6.0 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
SerialllO, 
Single CH 


ADC0831C 
8 
±1 
6.0 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
SerialllO, 
Single CH 


ADC0832B 
8 
±1/2 
6.0 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
Serial 1/0, 
2-CH 


ADC0832C 
8 
±1 
6.0 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
Serial 1/0, 
2-CH 


ADC0833B 
8 
±112 
6.0 
5 (±10%) 
X 
X 
X 
14-Pin DIP 
Serial 1/0, 
4-CH 


ADC0833C 
8 
±1 
6.0 
5 (±10%) 
X 
X 
X 
14-Pln DIP 
Serial 1/0, 
4-CH 


ADC0834B 
8 
±1/2 
6.0 
5 (±10%) 
X 
X 
X 
14-Pin DIP 
Serial 1/0, 
4-CH 


ADC0834C 
8 
±1 
6.0 
5 (±10%) 
X 
X 
X 
14-Pln DIP 
Serial 1/0, 
4-CH 


ADC0838B 
8 
±1/2 
6.0 
5 (±10%) 
X 
X 
X 
20-Pin DIp, 
Serial 1/0, 


20-Pin PCC 
8-CH 


ADC0838C 
8 
±1 
6.0 
5 (±10%) 
X 
X 
X 
20-Pin DIp, 
Serial 1/0, 


20-Pin PCC 
8-CH 


ML2200B 
12 + Sign 
±3/4 
12kHz, ±2.5V SINE, 
31.5 
±5 (±5%) 
X 
40-Pin DIP 
4-CH Data Acq 
SIN 72dB 
Peripheral 


ML2200C 
12 + Sign 
±1 
12kHz, ±2.5V SINE, 
31.5 
±5 (±5%) 
X 
40-Pin DIP 
4-CH Data Acq 
SIN 72dB 
Peripheral 


ML2200D 
12 + Sign 
±1 
8.5kHz, ±2.5V SINE, 
44 
±5 (±5%) 
X 
40-Pin DIP 
4-CH Data Acq 
SIN 72dB 
Peripheral 


ML2208B 
12 + Sign 
±3/4 
12kHz, ±2.5V SINE, 
31.5 
±5 (±5%) 
X 
40-Pin DIP 
8-CH Data Acq 
SIN 72dB 
Peripheral 


ML2208C 
12 + Sign 
±1 
12kHz, ±2.5V SINE, 
31.5 
±5 (±5%) 
X 
40-Pin DIP 
8-CH Data Acq 
SIN 72dB 
Peripheral 


ML2208D 
12 + Sign 
±1 
8.5kHz, ±2.5V SINE, 
44 
±5 (±5%) 
X 
40-Pin DIP 
8-CH Data Acq 
SIN 72dB 
Peripheral 


Ml2221B' 
12 + Sign 
±3/4 
8.5kHz, ±5.0V SINE, 
44 
±5 (±5%) 
X 
X 
16-Pin DIp, 
Serial, S.1'1. 


SIN 72dB 
20-Pin PCC 


Ml2221C' 
12 + Sign 
±1 
8.5kHz, ±5.0V SINE, 
44 
±5 (±5%) 
X 
X 
16-Pin DIp, 
Serial, S.1'1. 


SIN 72dB 
20-Pin PCC 


Ml2222B' 
12 + Sign 
±3/4 
12kHz, ±2.5V SINE, 
35 
±5 (±5%) 
X 
X 
16-Pin DIp, 
Serial, CODEC 


SIN 72dB 
20-Pin PCC 


Ml2222C' 
12 + Sign 
±1 
12kHz, ±2.5V SINE, 
35 
±5 (±5%) 
X 
X 
16-Pin DIp, 
Serial, CODEC 


SIN 72dB 
20-Pin PCC 


, 
Future products 


Note 1. Temperature 
Range: 
C = O·C to +70·C, I = -40·C to +85·C, M = -55·C to +125·C 
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ruw~r 
temperdtur~ 
Part 
Resolution 
Linearity 
Dynamic Performance 
Time 
Supplies 
Rangel 
Number 
(Bits) 
(Max lSB) 
Signal to Noise Ratio 
Ips) 
(V) 
C 
I 
M 
Package 
Comments 


Ml2223B* 
12 + Sign 
±3/4 
8.5kHz, ±5.0V SINE, 
44 
±5 (±5%) 
X 
X 
16-Pin DIp, 
Serial, ASYNC 


SIN 72dB 
20-Pin PCC 


Ml2223C* 
12 + Sign 
±1 
8.5kHz, ±5.0V SINE, 
44 
±5 (±5%) 
X 
X 
16-Pin DIp, 
Serial, ASYNC 


SIN 
72dB 
20-Pin PCC 


Ml2230B 
12 + Sign 
±3/4 
12kHz, ±2.5V SINE, 
31.5 
±5 (±5%) 
X 
24-Pin DIp, 
IlP Comp, 


SIN 
72dB 
8-Bit Bus 


Ml2230C 
12 + Sign 
±1 
12kHz, ±2.5V SINE, 
31.5 
±5 (±5%) 
X 
24-Pin DIp, 
IlP Comp, 


SIN 
72dB 
8-Bit Bus 


Ml2230D 
12 + Sign 
±1 
8.5kHz, ±2.5V SINE, 
44 
±5 (±5%) 
X 
24-Pin DIp, 
IlP Comp, 


SIN 
72dB 
8-Bit Bus 


M12233B 
12 + Sign 
±3/4 
12kHz, ±2.5V SINE, 
31.5 
±5 (±5%) 
X 
28-Pin DIp, 
IlP Comp, 


SIN 
72dB 
16-Bit Bus 


Ml2233C 
12 + Sign 
±1 
12kHz, ±2.5V SINE, 
31.5 
±5 (±5%) 
X 
28-Pin DIp, 
IlP Comp, 


SIN 
72dB 
16-Bit Bus 


Ml2233D 
12 + Sign 
±1 
8.5kHz, ±2.5V SINE, 
44 
±5 (±5%) 
X 
28-Pin DIp, 
IlP Comp, 


SIN 
72dB 
16-Bit Bus 


Ml2252B 
8 
±1/2 
51kHz, SV SINE, 
6.6 
5 (±10%) 
X 
X 
X 
20-Pin DIp, 
IlP Comp, 


SIN 47dB 
20-Pin PCC 
2-CH 


Ml2252C 
8 
±1 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
20-Pin DIp, 
IlP Comp, 


SIN 47dB 
20-Pin PCC 
2-CH 


Ml2258B 
8 
±1/2 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
20-Pin DIp, 
IlP Comp, 


SIN 47dB 
20-Pin PCC 
8-CH 


Ml2258C 
8 
±1 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
20-Pin DIp, 
IlP Comp, 


SIN 47dB 
20-Pin PCC 
8-CH 


Ml2259B 
8 
±1/2 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
28-Pin DIp, 
IlP Comp, 


SIN 47dB 
28-Pin PCC 
8-CH 


Ml2259C 
8 
±1 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
28-Pin DIp, 
IlP Comp, 


SIN 47dB 
28-Pin PCC 
8-CH 


Ml2261B 
8 
±1/2 
250kHz, 5V SINE, 
.67 
5 (±5%) 
X 
X 
20-Pin DIp, 
IlP Comp, 


SIN 48dB 
20-Pin PCC 
RD/WR 


Ml2261C 
8 
±1 
250kHz, 5V SINE, 
.67 
5 (±5%) 
X 
X 
20-Pin DIp, 
IlP Comp, 


SIN 48dB 
20-Pin PCC 
RD/WR 


Ml2264B 
8 
±1/2 
250kHz, 5V SINE, 
.68 
5 (±5%) 
X 
X 
X 
24-Pin DIp, 
IlP Comp, RD/WR, 


SIN 48dB 
24-Pin SOIC 
4-CH Mux 


Ml2264C 
8 
±1 
250kHz, 5V SINE, 
.68 
5 (±5%) 
X 
X 
X 
24-Pin DIp, 
IlP Comp, RD/WR, 


SIN 48dB 
24-Pin SOIC 
4-CH Mux 


M12271B* 
10 
±1/2 
150kHz, 5V SINE, 
1.5 
5 (±5%) 
X 
X 
X 
20-Pin DIp, 
IlP Comp, 


SIN 60dB 
20-Pin SOIC 
RD/WR 


Ml2271C* 
10 
±1 
150kHz, 5V SINE, 
1.5 
5 (±5%) 
X 
X 
X 
20-Pin DIp, 
IlP Comp, 


SIN 60dB 
20-Pin SOIC 
RD/WR 


Ml2280B 
8 
±1/2 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
Serial 110, 


SIN 47dB 
Single CH 


Ml2280C 
8 
±1 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
Serial 110, 


SIN 47dB 
Single CH 


Ml2281B 
8 
±1/2 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
Serial 110, 


SIN 47dB 
Single CH 


Ml2281C 
8 
±1 
51kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
Serial 110, 


SIN 47dB 
Single CH 


Ml2282B 
8 
±1/2 
4Z5kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
Serial 110, 


SIN 47dB 
2-CH 


Ml2282C 
8 
±1 
4Z5kHz, 5V SINE, 
6.6 
5 (±10%) 
X 
X 
X 
8-Pin DIP 
Serial 110, 


SIN 47dB 
2-CH 


* 
Future Products 


Note 1. Temperature 
Range: 


C = O·C to +70·(, 
I = -40·C to +85·C, M = -55·C to +125·C 


r.J> Micro Linear 


Non 
Conversion 
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Temperature 
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Time 
Supplies 
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Number 
(Bits) 
(Max lSB) 
Signal to Noise Ratio 
Ips) 
M 
C 
I 
M 
Package 
Comments 


Ml2283B 
8 
±1/2 
3605kHz, 5V SINE, 
6.6 
S (±10%) 
X 
X 
X 
14-Pin DIP 
Serial 110, 


SIN 47dB 
4-CH 


Ml2283C 
8 
±1 
3605kHz, SV SINE, 
6.6 
S (±10%) 
X 
X 
X 
14-Pin DIP 
Serial 110, 
SIN 47dB 
4-CH 


Ml2284B 
8 
±1/2 
39kHz, SV SINE, 
6.6 
S (±10%) 
X 
X 
X 
14-Pin DIP 
Serial 110, 


SIN 47dB 
4-CH 


M12284C 
8 
±1 
39kHz, SV SINE, 
6.6 
5 (±10%) 
X 
X 
X 
14-Pin DIP 
Serial 110, 


SIN 47dB 
4-CH 


Ml2288B 
8 
±1/2 
3605kHz, 5V SINE, 
6.6 
S (±10%) 
X 
X 
X 
20-Pin DIP, 
Serial 110, 
SIN 47dB 
20-Pin PCC 
8-CH 


Ml2288C 
8 
±1 
36.SkHz, SV SINE, 
6.6 
S (±10%) 
X 
X 
X 
20-Pin DIP, 
Serial 110, 
SIN 47dB 
20-Pin PCC 
8-CH 


• 
Future Products 
Note 1. Temperature 
Range: 
C = O·C to +70·C, I = -40·C to +8S·C, M = -SS·C to +12S·C 
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Non 
Settling 
Power 
Output 
Temperature 


Part 
Resolution 
linearity 
Time 
Supplies 
Reference 
Voltage 
Range 


Number 
(Bits) 
(Max LSB) 
Ips Max) 
(V) 
(V) 
(V) 
C 
I 
M 
Package 
Comments 


ML2340B 
8 
±v. 
5 
Single 5 or 12, 2,25 or 4.50 
Rail-to-rail, 
X 
X 
X 
18-pin DIP 
Flow through, 
(11-bits with 
dual ±5 
bipolar, 
18-pin SOIC 
or single 
gain ranging) 
unipolar 
buffered data 


ML2340C 
8 
±1fl 
5 
Single 5 or 12, 2,25 or 4.50 
Rail-to-rail, 
X 
X 
X 
18-pin DIP 
Flow through, 
(11-bits with 
dual ±5 
bipolar, 
18-pin SOIC 
or single 


gain ranging) 
unipolar 
buffered data 


ML2341B 
8 
±V. 
5 
Single 5 or 12, 2,25 or 4.50 
Rail-to-rail, 
X 
X 
X 
20-pin DIP 
Double or single 


(11-bits with 
dual ±5 
bipolar, 
20-pin PCC 
buffered data 


gain ranging) 
unipolar 


ML2341C 
8 
±Y2 
5 
Single 5 or 12, 2,25 or 4.50 
Rail-to-rail, 
X 
X 
X 
20-pin DIP 
Double or single 
(11-bits with 
dual ±5 
bipolar, 
20-pin PCC 
buffered data 
gain ranging) 
unipolar 


ML2350B 
8 
±v. 
5 
Single 5 or 12, 2.50 or 5,00 
Rail-to-rail, 
X 
X 
X 
18-pin DIP 
Flow through, 
(11-bits with 
dual ±5 
bipolar, 
18-pin SOIC 
or single 
gain ranging) 
unipolar 
buffered data 


ML2350C 
8 
±Y2 
5 
Single 5 or 12, 2.50 or 5,00 
Rail-to-rail, 
X 
X 
X 
18-pin DIP 
Flow through, 
(11-bits with 
dual ±5 
bipolar, 
18-pin SOIC 
or single 
gain ranging) 
unipolar 
buffered data 


ML2351B 
8 
±v. 
5 
Single 5 or 12, 2.50 or 5,00 
Rail-to-rail, 
X 
X 
X 
20-pin DIP 
Double or single 


(11-bits with 
dual ±5 
bipolar, 
20-pin pee 
buffered data 
gain ranging) 
unipolar 


ML2351C 
8 
±1fl 
5 
Single 5 or 12, 2.50 or 5,00 
Rail-to-rail, 
X 
X 
X 
20-pin DIP 
Double or single 


(11-bits with 
dual ±5 
bipolar, 
20-pin PCC 
buffered data 
gain ranging) 
unipolar 


• 
Future Products 
Note 1. Temperature Range: 
C = ooe to +700e, I = -40°C to +85°C, M = -55°C to +125°e 
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PRELIMINARY 


ML2200,·ML2208 


12-Bit Plus Sign Data Acquisition Peripheral 


The ML2200 and ML2208 Data Acquisition Peripherals (DAP) 
are monolithic CMOS data acquisition subsystems. These 
data acquisition peripherals feature an input multiplexer, a 
programmable gain instrumentation amplifier, a 2.5 V 
. 


bandgap reference, and a 12-bit plus sign AI D converter with 
built-in sample-and-hold. In addition to a general purpose 
8-bit microprocessor interface, the ML2200 and ML2208 
include a programmable processor, data buffering, a 16-bit 
timer, and limit alarms. 


The ML2200B and ML2208B self-calibrating 
algorithmic 


AID converters 
have a maximum 
non-linearity 
error 


over temperature 
of 0.018% of full-scale, while 
the 


ML2200C, ML2200D, ML2208C, and ML2208D have a 
maximum 
non-linearity 
error over temperature 
of 


0.024%. 


The ML2200 hasa four channel differential input multiplexer 
and the ML2208 hasan eight channel single ended input 
multiplexer. 


The digital interface, with software-alterable configurations, is 
designed to off-load the microprocessor. Control of the DAP 
is autonomously 
handled through the control sequencer 


which receives its instructions from the instruction RAM. 


12-81TPLUS SIGN AID 


WITH 
SAMPLE & HOLO FUNaloN 


b 


DGNO(2) 


• Resolution 
• Conversion 
time 


(including 
51 H acquisition) 


• Sample-and-hold 
acquisition 
• Non-linearity 
error 
• Low harmonic 
distortion 
• No missing codes 
• Self-calibrating 
- 
maintains 
accuracy over time and 


temperature 


• Inputs withstand 
17VI beyond supplies 


• Internal voltage reference 
2.5V ±2% 


• Four differential 
or eight single-ended 
input channels 


• Data buffering 
(8 word data RAM) 


• Programmable 
limit alarm 
• 8-Bit microprocessor 
interface- 
interrupt, 
DMA, 
or 


polling 


• 16-Bit timer for programmable 
conversion 
rates 


• Standard 
hermetic 
40-pin 
DIP 


31.5/ls max 
2.3/ls max 


±3/4L5B and ±1 LSB max 
0.01% 
• 


AGNO 
? 


VREF 
VTEMP 


OUT 
OUT 
Vss 
? 


b 


RESET 


INT/INT 


08R 


AO 


Al 


A2 


ALE 


WR 
iID 
Cs 
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Linear 


+CHO 


-CHO 


+CH1 


-CHl 


+CH2 


-CH2 


+CH3 


-CH3 


VREF 
VTEMP 
AVCC 
AGNo 
OUT 
OUT 
? 
? 


DO 


01 


02 


12-UIT PLUSSIGN A/o 
OJ 
WITH 
D4 
SAMPLE & HOLD FUNCTION 
05 


DO 


07 


INT/INT 


OUR 


AO 


A1 


A2 


ALE 
b 
b 
b 
b 


WR 
ill 
oVCC 
DGNo(2) 
PON 
RESET 
CS 


AGND 


Vss 


CONTROLS 


7 
PLUS 


ADDRESS 
LINES 


INTER- 


fACE 
lOGIC 


'---- 
PRIMARY 
REGISTERS 


(DIRECTLY 
ACCESSIBLE) 


GJ> Micro Linear 


Ml2200, Ml2208 


PIN DESCRIPTIONS 


PIN NO. 
NAME 
FUNGION 
PIN NO. 
NAME 
FUNGION 


1 
AGND 
Analog Ground. 
28 
DBR 
Data Buffer Ready output active 
2 
VTEMP 
Voltage output proportional to the 
high indicates that a sequence of 


die temperature. 
operations hascompleted and 


3 
VREF 
Internal voltage reference output 
data is ready to transfer. DBR is not 
4-11 
CH 
Analog Inputs. 
maskable. It can be used to gener- 


Ml2200- 
Positive or negative 
ate an interrupt in addition to the 


input of four differential inputs 
INT pin when the DBRIE bit in the 


M l2208 - Eight single ended in- 
interrupt mask register has not 
puts referenced to common pin. 
been enabled. DBR isthe DMA 


Digitally selected by control 
request pin when DMA mode is 


sequencer. 
enabled. DBR is not active unless 


12 
NC 
Ml2200- 
No connection. 
in run mode and at least one se- 
COM 
Ml2208- 
Negative common 
quence of operations has been 
input for the eight input channels. 
completed. DBR remains active in 
Tie to analog ground or (Vss +2.5) 
the halt mode if not acknowl- 


to (AVcc-2.5V) 
edged; low during resettime and 
13 
Vss 
Negative power supply; decouple 
power-down. 
toAGND. 
29 
DGND 
Digital Ground. 
14 
PON 
Power-Down Input. When 
30 
ClK 
Clock input. Drive with an external IJ 
PON~O, device in power-down 
clock or crystal reference to 


mode with register contents 
DGND. The crystal must be paral- 
retained if AVcc >2.0V. 
lei resonant with minimum capaci- 


15 
NC 
No Connection. 
tive loading (i.e., No bypass caps 


16-19 
D7, D6, D5, D4 
Bidirectional data bits. 
should be used and leads should 


20 
DGND 
Digital Ground. 
be kept short). 


21 
DVCC 
Digital power supply. Tie to AVcc 
31 
RESET 
Active low hardware resetwith 
from same power supply. 
internal pull up resistor of 200 K. 


22-25 
D3, 02, Dl, DO 
Bidirectional data bits. 
Tie to system reset line or to 
26 
SYNC 
In the slave mode, SYNC is a 
grounded capacitor. The capacitor 
positive edge triggered input used 
size (usually >61lF) is based on the 


to start a conversion. In master 
time the power supplies stabilize, 


mode, SYNC is an output and 
to the time resetvoltage reaches 


indicates a conversion has 
1AV (>400ms). 


occurred. 
32 
TCLK 
External timer, TCLKis used as 


27 
INT 
Interrupt output. A maskable inter- 
external clock input for the 16-bit 
rupt programmable to be active 
timer when the TCLKbit in the 


high or low or will default to active 
control register is set to one. 


high. INT will not clear until ac- 
33 
ALE 
Address latch enable, active low 


knowledged in halt mode; not 
latches information on AO,A1, A2 
affected by the run or halt state. 
and CS. Tie to AVcc to disable use 


INT - 0 during resetand inactive 
when separate address and data 


during PON. 
bus are used. 
34 
A2 
Address 2 
35 
A1 
Address 1 


36 
AO 
Address 0 
37 
CS 
Chip select, active low 
38 
RD 
Read,active low enables Ml2200 
or Ml2208 to drive data bus. 


39 
WR 
Write, active low allows writing 
into the registers. 
40 
AVcc 
Positiveanalog Power supply. De- 
couple to AGND. Tie to DVcc 
from same power supply 
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Ml2200, Ml2208 


PIN CONNECTIONS 


M12200 
M12208 


4O-PINDIP 
4O-PINDIP 


AGNO 
AVec 
AGNO 
AVcc 


VTEMP 
WR 
VTEMP 
WR 


VREF 
RO 
VREF 
RO 


CHO+ 
Cs 
CHO 
Cs 


CHO- 
AO 
CH1 
AO 


CH1+ 
Al 
CH2 
A1 


CH1- 
A2 
CH3 
A2 


CH2+ 
ALE 
CH4 
ALE 


CH2- 
TCLK 
CH5 
TCLK 


CH3+ 
RESET 
CH6 
RESET 


CH3- 
ClK 
CH7 
ClK 


NC 
DGNO 
COM 
DGNO 


Vss 
OBR 
Vss 
OBR 


PDN 
INT/INT 
PDN 
INT/INT 


NC 
SYNC 
NC 
SYNC 


07 
DO 
07 
DO 


D6 
01 
D6 
01 


05 
02 
05 
D2 


04 
03 
04 
OJ 


DGNO 
DVcc 
DGNO 
OVcc 


TOPVIEW 
TOPVIEW 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 
1) 


Supply Voltages (AVcc and DVccl 
...••................ 
6.0V 


Negative Supply Voltage (Vss) 
- 6.0V 


VoltageatAnaloglnputs 
..........•.... 
Vss-7VtoAVcc 
+7V 


VoltageatVREF 
Vss-7VtoAVcc 
+7V 


Input Current per Digital Pin 
. . . . . . .. 
± 10mA 


Input Current at Analog Inputs 
±20mA 


StorageTemperatureRange 
.-65°Cto 
+150°C 


Package Dissipation@25°C 
............•............. 
1W 


Lead Temperature (Soldering 10 sec.) 


Dual-In-Line 
Package (Ceramic) 
..........•..... 
300°C 


OPE RATING CONDITIONS 
(Note 2) 


Temperature 
Range 
. . . . . . . . . . .. . . . . .. 
TMIN ~ TA ~ TMAX 


ML2200BCj, 
ML2200CCI, 
ML2200DCJ 
. . . .. 
O°C to 70°C 


ML2208BCJ, ML2208CCj, 
ML2208DCj 
... 
O°C to 70°C 
Supply 
Voltage 
(AVcc and DVccl 
4.5Voc 
to 6.0Voc 


Negative 
Supply 
Voltage (Vss) 
. . . .. 
-4.5Voc 
to -6.0Voc 


'Micro 
Linear 


Ml2200, Ml2208 


ELEORICAL 
CHARAOERISTICS 


The 
following 
specifications 
apply 
for 
AVec 
= DVcc 
= +5V ± 5%, Vss = -5V ± 5%, AGND 
= DGND 
= COM 
= CHX- 
= 


Ov, TA = TMIN to 
TMAX unless 
otherwise 
specified. 
CL = 100pF 
for 
DO-D7, 
CL = 50pF 
for 
INT, DBR, 
and 
SYNC. 


Linearity 
Error 


ML2200BCj, 
ML2208BCJ 
4 
fCCLK = 0.1 :s 7MHz 
±3/4 
LSB 
ML2200CC), 
ML2208CCj 
fCCLK 
~ 0.1 :s 7MHz 
±1 
LSB 
ML2200DCj, 
ML2208DCJ 
fCCLK = 0.1 :s 5MHz 
±1 
LSB 


Unadjusted 
Zero 
Error 


ML2200BCj, 
ML2208BCj 
4 
±3/4 
LSB 
ML2200CC), 
ML2208CCj 
±2 
LSB 
ML2200DCj, 
ML2208DCJ 
±2 
LSB 


Unadjusted 
Positive 
and Negative 
5 
±4 
LSB 


Full Scale Error 


Zero 
Error Temperature 
Coefficient 
0.5 
ppm/oC 


Gain Temperature 
Coefficient 
External 
Reference 
3 
ppm/oC 


Common-Mode 
Rejection 
13 
80 
dB 


Analog 
Input 
Range 
5 
All Analog 
Inputs 
Vss-0.05 
AVcc+0.05 
V 


External 
Source 
Resistance 
5 
Channel 
~ Analog 
Input 
2 
kn 


for Analog 
Inputs 
5 
Channel 
= Voltage 
Reference 
0.5 
kn 


Differential 
Analog 
Input 
Range 
4 
CHX referred 
to COM 
-VREF 
+VREF 
V 


for ML2208 
CHX+ referred 
to CHX- 
for 


ML2200 


Off Channel 
Leakage Current 
5,6 
On Chan = 2.5V, 
-100 
nA 


Off Chan = -2.5V 
On Chan 
~ -2.5V 
+100 
Off Chan = 2.5V 


On Channel 
Leakage Current 
5,6 
On Chan = -2.5V, 
-100 
nA 


Off Chan 
~ 2.5V 
On Chan = 2.5V 
+100 
Off Chan = -2.5V 


Gain 
Error 
Gain = 2, 4, or 8 
0.03 
% 


IJI 


VREF Absolute 
Value 
4 
Referred 
to AGND 
2.45 
2.55 
V 


VREF Output 
Pin 


Output 
Resistance 
5 
300 
mO 


Minimum 
Load Resistance 
5 
1 
kn 


Maximum 
Load Resistance 
5 
50 
pF 
Temperature 
Coefficient 
50 
ppm/oC 


Line Regulation 
4.75 :s AVcc :s 5.25 
1 
mV 


-4.75 2: VSS 2: -5.25 
1 
mV 


Load Regulation 
1pA - 2.5mA 
1 
mV 
Output 
Noise 
100 
pVRMS 


VTEMP 
Output 
Pin 
AVcc-1.5 
V 
Absolute 
Value @ 25°C 


Volts per °C 
5 
mV/oC 
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ElEGRICAl 
CHARAGERISTICS 
(Continued) 


The 
following 
specifications 
apply 
for 
AVec 
= DVcc 
= +5V 
± 
5%, Vss = -5V 
± 
5%, AGND 
= DGND 
= COM 
= CHX- 
= 


Ov, TA = TMIN to 
TMAX unless 
otherwise 
specified. 
CL = 100pF 
for 
DO-D7, 
CL = 50pF 
for 
INT, DBR, 
and 
SYNC. 


Power 
Supply 
Current 
Alco 
Analog 
AVcc 
4 
- 
- 
30 
50 
mA 


Dlco 
Digital 
DVcc 
12 
RD = C5 = V1H 
10 
IlA 


Iss, VSS 
4 
18 
30 
mA 


Icc 
Standby 
Current 
AVcc 
+ DVcc 
4,9 
PON pin 
= GND 
10 
1000 
IlA 


Iss 
Standby 
Current 
10 
1000 
IlA 
Vccpo 
Minimum 
AVcc 
and DVcc 
for 
- 


power-down 
data retention 
PON pin = GND 
2 
V 


Vss = -5.25 
to GND 


Power 
Supply 
Rejection 
7 


AVcc/DVcc 
DC 
80 
dB 
DC to 25kHz, 
200mVp_p 
50 
dB 
Vss 
DC 
80 
dB 
DC to 25kHz, 
200mVp_p 
50 
dB 


V1l 
Input 
Low Voltage 
(except 
ClK, 
tClK) 
4 
0.8 
V 


VILl 
Input 
Low Voltage 
(CLK, tClK) 
4 
0.8 
V 


VIH 
Input 
High 
Voltage 
(except 
CLK, tClK) 
4 
2.0 
V 


VIH1 
Input 
High 
Voltage 
(CLK, tClK) 
4 
3.5 
V 


VOl 
Output 
low 
Voltage 
4 
1m= 2.0mA 
0.45 
V 


VOH 
Output 
High Voltage 
5 
IOH = -1mA 
4.0 
V 


Il 
Input 
leakage 
Current 
(except 
ClK 
4 
GND < VIN < VCC 
±10 
IlA 
and RESET) 


III 
Input 
leakage 
Curent 
(ClK) 
4 
GND < VIN < VCC 
±200 
IlA 


ILO 
Output 
leakage 
Curent 
(DO-D7) 
4 
RD = CS = V1H 
±10 
IlA 


IRST 
RESET Pin Source 
Current 
4 
RESET= OV 
15 
50 
100 
IlA 


CI 
Input 
Capacitance 
(All Digital 
Inputs) 
10 
pF 


Co 
Output 
Capacitance 
(All Outputs 
and 
20 
pF 
DO-D7) 


tc 
Conversion 
Time 
4,9 
ClK 
Mode 
= 0 
fCLK = 7.0MHz 
31.5 
J1S 


fClK = 5.0MHz 
44.0 
J1S 


Sample 
and Hold 
Acquisition 
4,9 
ClK 
Mode 
= 0 
fClK = 7.0MHz 
2.3 
IlS 


fClK = 5.0MHz 
3.2 
IlS 


SNR 
Signal-to-Noise 
Ratio 
V = 10kHz, 2.5V Sine. 
73 
dB 


fClK = 7MHz 
(fSAMPLING= 31.8kHz). Noise 
is 
sum of all nonfundamental 
components 
up to y, of 


fSAMPLING' 


THD 
Total Harmonic 
Distortion 
V = 10kHz, 2.5V Sine. 
-75 
dB 


fClK = 7MHz 
(fSAMPLING= 31.8kHz). THD 
is 


sum of 2, 3, 4, 5 harmonics 
relative 
to fundamental. 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
The 
following 
specifications 
apply 
for 
AVec 
= DVCC = +5V ± 5%, VSS = -5V ± 5%, AGND 
= DGND 
= COM 
= CHX- 
= 


0\1, TA = TMIN to 
TMAX unless 
otherwise 
specified. 
CL = 100pF 
for 
DO-D7, 
CL = 50pF 
for 
INT, DBR, 
and 
SYNC. 


IMD 
Intermodulation 
Distortion 
V1N = fA + fs. fA ~ 9kHz, 1.25V I 
-75 
dB 
sine. fs ~ 10kHz, 1.25V sine. 
fClK = 7MHz 
,; 


(fSAMPLING~ 31.8kHz). 
IMD 
is (fA + fs), 
(fA - fs), (2fA - fs), (2fA - fs), 
(fA + 2fs), (fA - 2fs) relative 
to fundamental. 


FR 
Frequency 
Response 
V1N = a to 10kHz, 2.5V sine 
0.01 
dB 


relative 
to 1kHz 


fClK 
CLK Frequency 
4 
(no crystal) 
," 
0.1 
7 
MHz 


fClKX 
CLK Frequency 
4 
(crystal) 
3 
7 
MHz 


fClKI 
Internal 
CLK Frequency 
1/2 
fClK or 
fClKX 


fClKT 
CLK Frequency 
(tCLK only) 
4 
fClKI 
MHz 


tClKW 
Minimum 
Clock 
High/Low 
Width 
5 
50 
ns 


(CLK) 


tClKWT 
Minimum 
Clock 
High/Low 
Width 
5 
75 
ns 


(tCLK) 


tRF 
Maximum 
Rise/Fall Times, All Inputs 
5 
25 
ns 


tRESET 
Minimum 
Reset Active 
Time 
4, 10 
10 
fClKI 


Periods 


tpON 
Power-Up 
Time 
Time 
After 
PON = V1H 
1 
ms • 


tAL 
Address 
to ALE Setup Time' 
4 
20 
ns 


tLA 
Address 
Hold 
Time 
After 
ALE 
4 
20 
ns 


tlc 
Latch to RD or WR Control 
4 
20 
ns 


tRD 
Valid Data Delay from 
Read 
4 
lS0 
ns 


tAD 
Address 
Stable to Valid Data 
5 
150 
ns 


tll 
ALE Width 
4 
80 
ns 


tDF 
Data Bus Float After 
Read 
4 
10 
50 
ns 


tCL 
Read or Write 
Control 
to ALE 
4 
20 
ns 


tcc 
Read or Write 
Control 
Width 
4 
150 
ns 


tow 
Data Setup Time 
for Write 
4 
100 
ns 


two 
Data Hold 
Time 
for Write 
4 
a 
ns 


tRY 
Recovery 
Time 
Between 
Two Reads 
4 
250 
ns 


or Writes 


tAD 
Address 
Stable to Valid Data 
5 
150 
ns 


tAR 
Address 
Stable Before 
Read 
4 
a 
ns 


tRA 
Address 
Hold 
Time 
for Read 
4 
a 
ns 


tRR 
Read Pulse Width 
4 
150 
ns 


tRo 
Data Delay from 
Read 
4 
150 
ns 


tOF 
Read to Data Float 
4 
10 
50 
ns 
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ELEGRICAL 
CHARAGERISTICS 
(Continued) 
The 
following 
specifications 
apply 
for 
AVec 
= OVcc 
= +5V ± 5%, Vss = -5V ± 5%, AGNO 
= OGNO 
= COM 
= CHX- 
= 


0\1. TA = TMIN to 
TMAX unless 
otherwise 
specified. 
CL = 100pF 
for 
00-07, 
CL = 50pF 
for 
INT, OBR, 
and 
SYNC. 


tRV 
Recovery 
Time 
Between 
Two Reads 
4 
250 
ns 


or Writes 


tAW 
Address 
Stable Before 
Write 
4 
0 
ns 


tWA 
Address 
Hold Time 
for Write 
4 
0 
ns 


tww 
Write 
Pulse Width 
4 
150 
ns 


tDw 
Data Setup Time 
for Write 
4 
100 
ns 


tWD 
Data Hold 
Time for Write 
4 
0 
ns 


tCKDBR 
Clock 
to DBR Assert 
11, 4 
DMA 
120 
180 
ns 


tRDD 
Read to DBR Negation 
on Last Byte 
4 
110 
160 
ns 


tCKDBR 
Clock 
to DBR or tCKINT, INT Assert 
11, 4 
Non-DMA 
100 
180 
ns 


tWRDBR 
Write 
to DBR or tWRINT INT Negation 
11, 4 
70 
120 
ns 


tCKSYNC Clock 
to SYNC Delay 
11, 4 
Master 
Mode 
150 
200 
ns 


tSYNCN 
SYNC Input 
Width 
5 
3 
fClKI 


tSYNCCK SYNC to Clock 
Setup 
4 
Slave: Mode 
4 Only 
50 
ns 


tSYNCO 
Minimum 
SYNC Output 
Width 
4 
4 
4 
fClKI 


Absolute 
maximum 
ratings 
are 
limits beyond 
which 
the 
life of the 
integrated 
circuit 
may be impaired. 
All voltages 
unless 
otherwise 


specified 
are 
measured 
with 
respect 
to ground. 


DOC to +70°C 
operating 
temperature 
range 
devices 
are 
100% tested 
with 
temperature 
limits guaranteed 
by 100% testing, 
sampling, 
or 


by correlation 
with 
worst-case 
test conditions. 


Typicals 
are 
parametric 
norm 
at 25°C. 


Parameter 
guaranteed 
and 
100% 
production 
tested. 


Parameter 
guaranteed. 
Parameters 
not 100% tested 
are not 
in outgoing 
quality 
level calculation. 


leakage 
current 
is measured 
with 
the 
clock 
not switching. 


Power 
supply 
rejection 
is the 
ratio of the 
change 
in zero 
error 
to the 
change 
in power 
supply 
voltage. 


All parameters measured from 
O.BV to 2.0V. 


Power-down 
current 
is with 
power-down 
pin 
at GND 
potential 
only. Any other 
level will 
dissipate 
more 
power. 
Other 
digital 
input 
pins may float but cannot be above VDD or below GNO. 
RESETshould be held active for at least 10 internal clocks after power supplies have stabilized to within 
5% of 5V. 


Since 
the 
internal 
master 
clock 
is the 
input 
clock 
divided 
by 2, this number 
can be either 
the 
maximum 
listed 
or the 
maximum 
listed 
plus V, the input clock period. 
When RO = CS = VIl, the current 
into the OVcc pin depends on the load on the data bus pins 00-07. 


Common-Mode 
rejection 
is the 
ratio 
of the 
change 
in zero 
error 
to the 
change 
in common-mode 
input 
voltage. 


Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note B: 
Note 9: 
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CLK 
if\.J\- 


DBR~_~r 
~"tc~~ 
'~ 


~ORWR~~ 


FIRSTBYTE 
LASTBYTE 


THERE ARE 2'" 
READ OPERATIONS WHERE" 
IS THE NUMBER 


OF WORDS TO BETRANSFERRED. DBR IS SETAND CLEARED BY 
INTERNAL CIRCUITRY. 


NOTE: DMA BIT IN THE CONTROL REGISTERMUST BESETFOR 
THIS OPERATiON. 


;4f~"'" 


tSYNCO 


ClK 
if\,~ 
---=.j bBR ORtCKINT 


DBR OR INT-----.if 
. 


CLK~J\-/\- 


SYNC IN1~--1------~ 
_ 


--t---tSYNCN 
.f 


1.0 
FUNCTIONAL 
DESCRIPTION 


1.1 Algorithmic AID Converter 
Micro Linear's algorithmic converter usesa successive ap- 
proximation technique. Most of today's successive approxi- 
mation converters use a DAC to feed back the approximated 
signal, however this technique requires more circuitry than 
algorithmic converters. In addition the values of all of the 
resistorsor capacitors in the DAC must be matched to within 
the accuracy of the converter. This is difficult to do in silicon 
beyond 10 bits unless trimming is used. An algorithmic con- 
verter useslesscircuitry and is more easily trimmed. Micro 
Linear's algorithmic converter is implemented using a 2 x 
amplifier, a sample/hold 
amp, and a comparator as shown 


in Figure 7. 


The input sample isfirst multiplied by two then compared to 
the reference voltage. If the 2 x input voltage is greaterthan 
the reference, the MSB is a 1and the reference voltage is 
subtracted from the 2 x input voltage. The remainder is 
stored in the sample-and-hold. If the 2 x input voltage is less 
than the reference, the MSB is a 0 and the 2 x input voltage is 
stored in the sample-and-hold. This process repeats again, 
however now the sample-and-hold voltage is multiplied by 2. 


Self-ealibration 
In order to maintain integral and differential linearity to the 
'/2 LSBlevel in an algorithmic converter, two critical parame- 
ters need to be controlled, 
loop offsets and the gain of the 


loop. Loop offsets are automatically nulled before each con- 
version using auto-zeroing circuitry on both the sampling 
amp and the 2 x amp. The gain of the loop is adjusted using 
self-calibration. 


Self-calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain of 
the loop and adjusting it. The gain can be measured by con- 
verting the reference voltage asthe input aswell asthe refer- 
ence (VREFIVREF), 
and examining the output code. 


Converting VREF should yield plus full-scale, since VREFIVREF 
should equal 1. If the gain of the loop is slightly lessthan 2, 
the resulting LSBof the conversion will be "0". 
If the magni- 
tude bits of the resulting conversion are all "ls", 
the gain may 
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be too great, therefore the gain is reduced to the point where 
the threshold of the LSBis reached. 


Adjustment of the 2 x gain isdone with the binary weighted 
trim capacitor arrays connected to each of the 2C input ca- 
pacitors. A small value of capacitance is either added to or 
subtracted from the 2C input caps until the gain of the loop is 
within 13-bit accuracy of 2. 


1.2 
Multiplexer 
Input 


The input voltage is ± 2.5 V relative to COM of the ML2208 
or a CH - ofthe ML2200. The input voltages under normal 
operation must not exceed supply voltages by 0.05 V. Each 
channel is selected by the programmable sequencer. 


1.3 
Internal Voltage Reference and VTEMP 


The internal bandgap voltage reference with a temperature 
coefficient of 50ppm/oC 
hasan external use current of 


2.5mA. 


The voltage reference VTEMPoutput isdirectly proportional to 
the chip temperature. 


1.4 
Conversion 
Times 
The following table liststhe conversion times which include 
the sample-and-hold acquisition time. Fora CALRD and 
CALWR no AID conversion actually takes place. 


Number 
of 
Internal Clocks' 
Operation 


8-bitAID 


13-bitAID 


CALWR 


CALRD 


'Internal 
clock 
is the external 
clock 
divided 
by two. 


1.5 
Sample-and-Hold 
Timing 


Figure 8 shows the internal timing for the sample-and-hold 
circuitry. The relationship between the "Start of Conversion" 
and the input channel going into sample mode isfixed at 6 


INTERNAL 


ClOCK 
NOTE 1 
I 
I 


SYNC PIN 
! 


(MASTER 
MODE) 
~ 


NOTE 2 


internal clocks, regardlessof the Start Mode. Six internal 
clocks after the Start of Conversion, the Sample-and-Hold is 
switched into the sample mode, placing two 9 pF capacitors 
in parallel with the input pins; one on CH + and one on CH- 
for the ML2200, and CH and COM for the ML2208. The 
sample switch is kept in the sample mode for 8 internal 
clocks (2.3,..sat a 7MHz external clock), then placed in the 
hold mode. During the next 2 internal clocks the charge on 
the sample-and-hold istransferred into the AI D, after which 
the VREFpin is sampled for 8 internal clocks. 


Figure 8 also illustrates the timing of the SYNC pin in Master 
Mode during a conversion. SYNC is activated one internal 
clock cycle before the Start of Conversion and lastsfor four 
internal clocks. 


1.6 
Analog Inputs 
Differential 
Inputs and Common-Mode 
Rejection 
The differential inputs of the ML2200 eliminate the effects of 
common-mode 
input noise (60Hz, for example), asCH + 
and CH - are sampled at the same time. 


Noise 
The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise aswell as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. • 


Power Supply Decoupling 
Low inductance tantalum capacitors of l,..F or greater and 
O.01,..Fdisc ceramic capacitors are recommended for bypass- 
ing AVec aswell asVss to AGND. These capacitors should be 
placed close to the AVec and Vss pins. 


2,0 
J-lP HARDWARE 
INTERFACE 


The microprocessor interface is a byte-oriented structure 
which occupies eight memory or 1/0 locations in the 
microprocessor's address space. Each register is readable and 
writable via the chip select, read and write pins, three ad- 
dress lines, and 8-bit data bus. 


I 
I 
I 
I 


SAMPLING INPUT---J 


I 
I 
I 


I 
I 
I----SAMPLING REFERENCE-----1 


I 
I 
I 
I 
t 


START OF CONVE 
RSIQN 


NOTE: 
1. EXTERNALCLOCK IN PHASE WITH INTERNAL ClOCK USING RESET. 
2. IMMEDIATE EXECUTE MODE WHERE STARTOF CONVERSION 
AND 


START OF 
OPERATION 
OCCUR 
AT THE 
SAME 
TIME. 
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Interfaces are shown for multiplexed address data bus in 
Figure 9 and Figure 10. When non-multiplexed 
interfaces are 


~ 


A15 
)I 
ADDRESS 
CS 
DECODE 
· 
, 
· 


A2 
· 
Al 


AO 


A8 


Al:!7 
07 
"p 
M12200 


AD2 


ML2208 
02 


ADI 
01 


ADO 
. 


DO 


ALE 
. 
ALE 
ill 


\ 


Ri5 


WR 
WR 


2.1 
Interrupts 


The ML2200 and ML2208 provide two interrupt pins, one for 
control/status 
interrupts (INn, and one for data interrupts 


(DBR). The standard INT pin is maskable via an interrupt 
mask register while the DBR pin isalways enabled to signify 
that data is available. DBR can be mapped into the INT pin if 
only one interrupt pin is desired. 


The 'interrupt pin (INn can be programmed, via the Interrupt 
Bit Mask register, to be active high, or active low. When pro- 
grammed for active high, it isdriven in both directions. When 
INT is programmed for active low, it is an open drain output, 
therefore an external pull-up resistor of 2.5 kQ or more 
should be used. The DAP's Status register can be read to 
determine whether its interrupt is active or not. 


8237 
HLDA 
DMACONTROlLER 
HOLD 
lOW 
DREQ 
Ao-A7 
lOR 
DACK 


used, ALE can be tied high. All internal address and chip 
select latches are transparent. 


~ 
AI5 
)I 
ADDRESS 
Cs 
DECODE 
· 


Y 
· 
A2 
· 
Al 


~8 
AO 


AD7 
q7 
ML2200 
"p 
ML2208 


AD3 
D3 


AD2 
02 


ADl 
Dl 


ADO 
DO 
ill 
ALE 
Ri5 
ill 


WR 
WR 


2.2 
DMA 
The separate DBR pin can also serve asa DMA request signal 
when DMA operation is enabled in the Control register. DBR 
goes active high when the data buffer isfull and ready to be 
read. DBR remains high until the last byte in the data buffer 
has been read. This allows back-to-back DMA cycles or sin- 
gle cycle transfers depending on how the DMA controller is 
programmed. The data for the DMA cycle istransferred over 
the 8-bit data bus at address 0 (AO-A2-0). The ML2200 or 
ML2208 automatically places both high and low bytes of the 
16-bit wide data buffer at address 0 or 1for the DMA control- 
ler to read. The LOBYT bit in the Control register specifies 
whether the high or low byte is placed on the bus first. Figure 
11shows a block diagram interfacing to the 8237 DMA 
controller. 


ML2200 
ML2208 
Cs 
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These data acquisition peripherals contain six directly ad- 
dressable 8-bit registers, and twenty indirectly addressable 16- 
bit registers. Figure 12 illustrates the register architecture while 
Figures 13, 14& 15 illustrate the bit maps and addresses.The 


first three primary registers (Window Low, Window 
High, and 


Index) are used to accessthe 20 secondary registers. Window 
Low and Window 
High provide read/write accessto the low 
and high bytes of the secondary register pointed to by Index. 


INDEX 


REGISTER 


VALUE 


(RS4-RSO) UPPERBYTE 


f 


0ססoo 
015 


BITo 
DOl 
DO } 
~~~~~TA 
(READ) 


16-BITCAL (WRITE) 


ADDRESS BIT7 


READ/WRITEI 
000 
07 


BIT 5 
BIT ~ 
BIT 3 
BIT 2 
BIT 1 


05104103102101 
WINDOW LOW REGISTER 


READ/WRITE I 
001 
D1S 
01' 
on 
I 
012 
I 
011 I 
010 
I 
D9 
DB 


WINDOW 
HIGH 
REGISTER 


READ/WRITE I 
010 I AUTOII 
RS-! I 
R53 I 
RS2 I 
RS1 
RSO 


INDEX 
REGISTER 


READ/WRITE 1 
011 
CAL 
RESETI SLFTSTI 
TClK 
I 
DMA 
I LOBYT I MSTR 
RUN 


CONTROl REGISTER 


READONLY I 
100 
INT 
CLCP 
RNER 
ISQ I OYRN I ALRM I OYRG I 
DBR 


STATUS REGISTER 


WRITEONLY 1 
100 
ICLCPAKIR ERAKj ISQAK pvRNAKIALRMAKIOYRGAKI DBRAK I 


INTERRUPT 
ACKNOWLEDGE 
RE~ISTER 


01000 
} 


~~~~~~~~~~~~ 
~~~~~~~),~~ 
R~ERS 


1-----1--------1 
'- 
-'- 
J 


1סס oo ~I 
~ 
~I 
16-BITTlMERVAlUE 


10001I 
16-81T ALARM A VALUE 


10010 :::==========~==========~ 
16-BIT 
ALARM 
B VALUE 


10011 I~ 
~ 
~ U:':~:I~'iEERRUPTENABLE 
LOWERBYTE 
8-BIT 
ALARM 
CRITERIA • 


READONLY I 
101 


A2, Al, AO 


~ 


·Writing 
this bit has no effect 


• ·Wrile a zero to these bits 


read back ones 


,. 
I 
1 
I 
SR2 


SEQUENCEREGISTER 


~ 


MODE SELECT 
000 = IMEDIATE EXECUTE 
001= INTRA SEQUENCE PAUSE 
010= STARTON-NEXT TIMEOUT 
011= PRESETTIMER/START ON 
TIMEOUT 
100= EXTERNAL SYNc/TIMER 
PRESET/TIMEOUT 
110= ILLEGAL 
111=ILLEGAL 


--------------,,----,~~ 
INPUT CHANNEL SELECT 
CYClE SELECT 
GAIN SELECT 
REFERENCESELECT 
000 = CHANNEL 0 
000 = 1&BITS 
00 = 1 
000 = CHANNEL 0 
001= (HANNEll 
001= nBITS 
01= 2 
001= CHANNEll 


010= CHANNEL 2. 
010= 8 BITS 
10= 4 
010= CHANNEL2 
011= CHANNELl 
011= READ CAL CODE 
11= 8 
011= CHANNEL 1 
100= ILLEGAL 
111=WRITE CALCODE 
100= ILLEGAL 
101= ILLEGAL 
101= ILLEGAL 
110= ILLEGAL 
110= INTERNAL VREF 
111= ILLEGAL 
111= ILLEGAL 


MODE SELECT 
000 = IMEDIATE EXECUTE 
001= INTRA SEQUENCE PAUSE 
010= STARTON NEXT TIMEOUT 
011= PRESETTIMER/START ON 


TIMEOUT 
100= EXTERNAL SYNC/TIMER 
PRESET/TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 


----,,----------v 
'~~ 
INPUT CHANNEL SELECT 
CYClE SELECT 
GAIN SELECT 
REFERENCESELECT 
000 = CHANNEL 0 
000 = 1&81TS 
00 = 1 
000 = CHANNEL 0 
001= CHANNEL' 
001 = n BITS 
01= 2 
001= CHANNEL 1 
010= CHANNEL2 
010= 8 BITS 
10= 4 
010= CHANNEL2 


011= CHANNELl 
011= READ CAL CODE 
11= 8 
011= CHANNEll 


100= CHANNEL 4 
111= WRITE CAL CODE 
100= CHANNEL4 
101= CHANNEL S 
101= CHANNELS 


110= CHANNEL & 
110= INTERNAL VREF 
111= CHANNEL7 
111= ILLEGAL 
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Ml2200, Ml2208 


Window High Register 


Window Registers- 
Registers0 and 1 


These registersform a two-byte window into the secondary 
registers. Window 
Low is the low byte of the secondary 16- 


bit word, and Window 
High is the high byte. Anyone of the 


20 words in the secondary register set can be accessed by first 
setting a 5-bit address in the Index register, then reading from 
or writing to the Window 
registers. Sequential accessof the 


secondary registers isalso available without writing to the 
Index register via the AUTOI bit in the Index register. 
Index Register- 
Register2 


Index Register 


RSX= Secondary RegisterAddress (Bits 0 to 4): The lower five 
bits of this register (RSO-RS4) define the location within the 
secondary register set that the window registersare posi- 
tioned at. 


Bits 5 and 6: Undefined. Writing to these bits have no effect, 
however a zero should be written; always read asones. 


AUTOI = autoincrement 
(Bit 7): Setting AUTOI signifies that 


the lower five addressing bits in the Index register are auto- 
matically incremented after either the Window 
Low or Win- 


dow High register is accessed. Whether the auto-increment 
occurs when accessing Window 
Low or Window 
High regis- 


ter, is based on the LOBYT bit in the Control register. 


Interrupt Operation Caution!!! - Using the auto-increment 
feature with interrupt driven software deserves special atten- 
tion. A problem can arise when an interrupt service routine 
accessing the secondary registers, interrupts another routine 
accessing secondary registers.This problem can be avoided 
one of two ways: disable the interrupt in the main routine 
while accessing secondary registers, or reload the index regis- 
ter to its entry value when exiting the interrupt routine. 


Note: The Index register is automatically cleared only under 
two conditions, one is a RESET,the other iswhen DMA mode 
is used. This register is resetto 0 in DMA mode just prior to 
the DMA request (DBR going active). DMA mode usesthe 
index register for operation, so the index register should 
never be written to when RUN and DMA are set. 


Control Register 


RUN (Bit 0): Setting this bit to a one will cause the chip to 
start executing the operations defined in the Instruction 
RAM, beginning with location O. This is referred to asthe Run 
mode. Clearing this bit will place the ML2200 in the Halt 
mode. The run bit is initially cleared on power up or after a 
hardware or software reset. In order to properly start the chip 
operation, the RUN bit should be set after setting all other 
applicable bits in the control register. The act of halting the 
chip will always resetthe sequence pointer to operation o. 
Thus, the next time RUN is asserted, the chip startsfrom 
operation 0 again. Placing the chip in the Run or Halt mode 
has no effect on the Interrupt pins (INT and DBR), nor the 
status bits in the status register. It is recommended that sec- 
ondary registersonly be written to in the Halt mode. Writing 
to secondary registersin the Run mode will cause the RNER 
status bit to be set, indicating a run error. All of the status bits 
in the Status register should be acknowledged (cleared) be- 
fore entering the Run mode. 


MSTR= master (Bit 1): Indicates whether the SYNC pin will 
be an input or an output. If set the chip will enter the master 
mode of operation and the SYNC pin will become an output 
pin which puts out a sync pulse at the beginning of each 
operation. This servesas a signal for other slave chips that are 
used in a synchronous operating method. While in master 
mode, any operation requiring a sync input will not proceed, 
and the chip will "hang", 
waiting for a sync that will never 
come. The chip default is slave mode with the SYNC pin as 
an input. 


lOBYT = low byte first (Bit 2): This bit is used to indicate 
which byte is accessed first in AUTOI or DMA operation. 
When this bit is set, the index register is incremented on the 
read or write of the Window 
High register. When this bit is 
clear, the index register is incremented on the read or write of 
the Window 
Low register. If DMA operation is specified, then 
setting this bit will make the low byte be output first, then the 
high byte, after which the index register is incremented. Con- 
versely, clearing this bit will output the high byte first, then 
the low byte, then increment the index register. The default is 
low. 


DMA = DMA Mode (Bit 3): When set enables DMA opera- 
tion. DMA operation proceeds asfollows: 


1) The DMA bit must be set after defining all other registers 


(Instruction RAM, Alarm etc.) but prior to setting the RUN 
bit. The RUN bit isthen set. 


'Micro 
Linear 


2) The sequence of operations in the Instruction RAM is 


executed. 


3) At the end of the sequence, the DBR pin goes true, re- 


questing DMA service, and the Index register is automati- 
cally cleared, pointing to the first location of the data 
buffer. 


4) Each read of either Window 
Low or Window High register 


outputs a byte from the data registers.The DMA controller 
can read Window 
low register, or Window High register, 


or alternate between Window 
Low and Window 
High. 
The same data is placed in both Window 
low and Win- 


dow High registers, and updated in both of them when 
either one is read. The data is placed in the Window regis- 
ters beginning with data word 0 and incrementing on up. 
The placement of the low byte/high byte order is based on 
the lOBYT bit in the Control register. The number of bytes 
transmitted equals twice the number of operations de- 
fined, since the words are 16 bits going over an 8-bit bus. 
DBR remains asserted until all of the bytes have been 
transmitted. It is negated on the leading edge of the last 
byte read pulse. DBR acknowledge (setting the DBRAK bit 
in the Status register) is not required when transferring 
bytes via DMA. 


The AUTOI bit does not have to be set when in the DMA 
mode. Setting the DMA bit forces the Index register to be 
auto-incremented 
in the Run mode. However if AUTOI is not 


set, then when in Halt mode auto-increment will not be 
enabled. Ifthe AUTOI bit and DMA bit are both set, the auto- 
increment will occur in both the Run mode and the Halt 
mode. 


!eLK = enable external timer clock (Bit 4): When set, will 
divert the clock input for the internal sixteen bit timer to the 
!eLK pin. When resetto 0, the timer runs at the internal chip 
clock frequency, which is 1/2 of that generated at the ClK 
pin. 


SlFTST= self test (Bit 5): When set, the function of the input 
multiplexer is modified to enable self test operations. This bit 


also redefines the Instruction Word, specifically the CHAN 
field of the instruction word (SeeFigure 16for the redefinition 
of the Instruction Word when SlFTST~ 1).With SlFTST set 
the CHAN bits now specify which of four self tests isto be 
performed asshown below. 


Instruction 
Word 
CHAN Field 
Function 
Description 


000 
System Offset 
Inputs shorted together 
and shorted to grou nd 


001 
Internal 
Convert internal VREf, 


Reference 
plus side tied to VREf, 
minus side tied to 
AGND 


010 
Minus Internal 
Convert internal VREf, 


Reference 
minus side tied to VREf, 
plus side tied to AGND 


011 
Common Mode 
Both inputs of the 
converter are tied to 


VREF 


100-111 
Illegal 
• 


These self-test resultsare useful for user confidence at power- 
on. The default on reset is 0, normal mode of operation. 


RESET= soft reset (Bit 6): Isa software resetof the chip. This 
bit does not have to be cleared once set. The microprocessor 
should read this bit back to determine if the reset operation 
hascompleted, especially if a slow clock rate is being used. It 
takes at least 4 internal clocks for the reset bit to clear. 
Microprocessor communication 
with the chip should be held 


off until this bit is read back ascleared. When issuing a hard- 
ware reset,communication 
with the chip should be held off 


until the RESETpin goes inactive. The chip will be in the Halt 
mode (RUN bit cleared) after a reset. See RESET/Power-On 
Conditions (Section 4.2) for chip register conditions after a 
reset. 


----v 
.J~~,"- 
V" 
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MODE SELECT 
INPUT CHANNEL SElECT 
CYCLESELECT 
GAIN SElECT 


000: 
IMMEDIATE EXECUTE 
000: 
SYSTEMOFFSET 
000: 
16 BITS 
00: 
1 


001: 
INTRA SEQUENCE PAUSE 
001: 
INTERNAL REF 
001: 
13 BITS 
01= 2 
010: 
STARTON NEXT TIMEOUT 010: 
INVERT INTRNREF 
010:8 
BITS 
10:4 


011: PRESETTIMER/START 
011: COMMON 
MOOE 
011: ILLEGAL 
11: 8 


ON TIMEOUT 
100: 
ILLEGAL 
111: IllEGAL 


100: 
EXTERNALSYNC START 
101: IllEGAL 
101: EXTERNALSYNc/TIMER 
110: IllEGAL 
PRESETITIMEOUT 
111: IllEGAL 
110: ILLEGAL 
111: IllEGAL 


REFERENCE SElECT 
000-110 
INTERNAL REFERENCE 
ONLY 
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CAL = calibration start (Bit 7): When set, a self-calibration of 
the AI D converter will begin. Reading the CAL bit indicates 
whether the chip has been calibrated since the last resetor 
power-on condition. 
If CAL is a 1,then a calibration of the 


AI D converter has been performed since the last resetor 
power-up. When setting CAL, the user should not write a 0 
back to clear it. Writing a 0 to the CAL bit has no effect; this 
will not clear it if it was previously set. Attempting to set the 
RUN bit without this bit being set will result in a run error 
condition, in which the RNERstatus bit will be set, and an 
interrupt being generated if it was enabled in the mask regis- 
ter. The amount of time required for calibration is 8,260 inter- 
nal clocks, or 16,520 external clocks. To determine when a 
calibration is complete, the microprocessor should enable 
the calibration complete interrupt (CLCPIE)in the interrupt 
mask register, and wait for the interrupt to occur. Interrupt 
servicing of the calibration complete interrupt is done in a 
normal manner, in which the interrupt is acknowledged by 
setting the CLCPAK bit in the interrupt acknowledge register. 
All 1/0 to the ML2200 should be avoided during calibration 
(i.e., 16,520 external clocks after the CAL bit is set), because 
accessing the chip during calibration could adversely affect 
the calibration. If an interrupt is not desired, the 
microprocessor can read the Statusregister to verify 
completion 16,520 external clocks after the CAL bit is set. 
When the CAL bit is set, all other bits in the Control register 
should be cleared. DO NOT set the CAL and RUN bits simul- 
taneously. 


Status Register- 
Register4 


Status Register 


Register4 servesasthe status register of the various condi- 
tions that can occur. The bits in the Status register will be 
updated regardlessof the Mask register. The status bits are 
updated any time within or at the end of a sequence of oper- 
ations. The bits in the Status register are cleared by setting the 
corresponding bits in the Interrupt Acknowledge register. The 
status register can be polled at any ti me without fear of clear- 
ing the status bits. This register is not cleared at HALT time. 
When entering the Run mode, all of the old status bits should 
be cleared (acknowledged). 


DBR = Data Buffer Ready (Bit 0): Isset when the chip has 
gone through one complete sequence of operations and has 
filled the data registerswith the converted results. This bit 
signifies that the microprocessor should read all locations in 
the data registersthat have relevant data. Reading all loaded 
data locations will clear DBR. If all loaded data locations are 
not read, DBRAK in the Interrupt Acknowledge register 
should be set to clear DBR, else OVRN will be set. The DBR 
pin is logically the same asthe DBR status bit. The DBR pin is 
ALWAYSenabled and cannot be masked out. The DBR status 
bit isthe only condition that can cause the DBR pin to be 
asserted. The DBR status bit can be enabled to assertthe INT 
pin through the Interrupt Mask register. 


OVRG = overrange interrupt (Bin): Isset at the end of an 
operation when an underflow or overflow of the AI D con- 
verter hasoccurred (underflow and overflow are the most 
negative and most positive number, respectively, that is repre- 
sentable in the chip according to the specified cycle length). 
The overflow and underflow conditions apply to ALL incom- 
ing AI D converted data. 


ALRM = limit alann (Bit 2): Isthe limit alarm status bit. It is set 
whenever the alarm criteria specified in the alarm registers 
is satisfied by a conversion from an operation where the 
ALRMEN bit isenabled. The limit alarm test only applies to 
an operation in which the ALRMEN bit is set. 


Note that OVRG and ALRM can be enabled without ena- 
bling the DBR interrupt so that the microprocessor can be left 
alone until an overflow I underflow or limit alarm occurs. This 
is done to search for a limit condition first without taking any 
data into the microprocessor. Doing this, however, will set 
the OVRN (overrun error) bit in the status register, indicating 
that the microprocessor has not read any data from previous 
sequences. 


OVRN = overrun error (Bit 3): The OVRN bit indicates that 
the microprocessor has missed from one byte to several 
blocks of data. Even if an overrun error occurs, the ML2200 
or ML2208 continues converting the inputs and updating the 
data registerswith the new conversions. 


This bit may intentionally become set asa result of searching 
for the overflow I underflow or limit alarm criteria without 
reading the data. 


The setting ofthe OVRN bit also occurs in DMA mode if all 
data has not been read by the completion of the next se- 
quence. (Note: DBRAK should not be set in DMA mode, 
since DBR isautomatically cleared by the chip.) If OVRN 
occurs in DMA mode, DBR will not be reactivated once all of 
the data from the sequence which was overrun is read; 
OVRN automatically disables DBR re-activation. Acknowl- 
edging OVRN (setting OVRNAK in the Interrupt Acknowl- 
edge register) will re-enable the DBR pin, however the OVRN 
bit may immediately be set again before the DMA controller 
can read the entire buffer. Therefore, it is recommended that 
in DMA mode if OVRN gets set, put the ML2200 or ML2208 
in the Halt state, acknowledge the overrun and the DBR, 
then place the chip back in the Run mode. 


150 = intra-sequence pause (Bit 4): Indicates that the chip has 
halted operation within a sequence asa result of choosing 
the ISQ op code in the mode field of the Instruction word. 
Setting the ISQAK bit in the interrupt acknowledge register 
will then re-start the operation within the sequence. This lets 
the microprocessor achieve timing control of individual oper- 
ations within a sequence. 
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RNER= run error (Bit 5): Indicates that an error occurred 
either entering or operating in the Run state. The following 
operational errors cause the RNERbit to get set 


1. Entering the Run state without having performed a self- 


calibration after the most recent Resetor power-up. The 
status of whether a calibration was executed or not is indi- 
cated by the CAL bit in the control register. If the CAL bit in 
the Control register is a one, the chip hasalready been 
calibrated. 


2. Writing to any secondary registersother than the data 
registersduring Run mode. All secondary register loca- 
tions are readable during Run time. 


ClCP = calibration complete (Bit 6): Isset at the end of a 
calibration sequence. The purpose of this bit isto notify the 
microprocessor that a self-calibration hascompleted. 


INT = interrupt (Bit 7): Isidentical to the state of the INT pin. 
The INT status bit and pin is an OR of the status bits enabled 
in the Interrupt Mask register. While the polarity of the INT 
pin can be defined in the interrupt mask register, this bit is 
positive true only. 


Interrupt Acknowledge Register- 
Register4 


Interrupt Acknowledge Register 


The status bits in the status register can only be cleared by 
setting the appropriate bit in this register; writing a zero has 
no effect. The relative bit positions in the Interrupt Acknowl- 
edge register are identical to the Status register except for bit 
7, which isvalid for reads (seeexplanation in Status Register) 
and undefined for writes (user must write a zero to this bit to 
be software-compatible for possible future redefinitions). 


Sequence Register- 
Register5 


Sequence Register 


During the RUN mode, this register can be read back to 
indicate the current operation in progress. This is especially 
useful for examining interrupts when multiple intra-sequence 
pausesare specified. Bits 3-7 always reads 1s. 


Registers6 and 7-these 
registersare reserved for future use. 


3.2 
Secondary Registers 
There are twenty 16-bitwide secondary registerscontaining 
the Data RAM, Instruction RAM, Timer, Alarms, Alarm 
Criteria Register,and Interrupt Mask. Except for the Data 
RAM, the secondary registersshould only be accessed on 
initialization, or when the chip is placed in the Halt mode. 


Secondary Registers0 to 7 


Data RAM (read only) 
Calibration Holding Register (write only) 


8x16A1DDATA 
REGISTERS 
16-BITCAl 
REGISTER 


The Data RAM consists of eight 16-bit wide registersthat hold 
the output results from the latestconversion sequence. Each 
word in the Data RAM hasa one-for-one correspondence 
with a word in the Instruction RAM. The Data RAM is also 
referred to asthe data output registers. 


The data output registersare double buffered and readable 
by the microprocessor at any time. The AI D converter fills a 
"shadow" 
bank of registersduring conversions, while the 
microprocessor is free to read the output registers. When the 
sequence is done, the "shadow" 
bank information is trans- 
ferred to the output registersfor the microprocessor to read, 
after which time DBR is asserted. Therefore, the 
microprocessor hasessentially one sequence time to drain 
the data buffer. This time varies according to the number of 
operations defined, the system clock frequency, the mode 
field for each operation, and the cycle length (number of bits 
to be converted). Referto Conversion Times for more 
information. 


Data Format 


All data is returned from the converter in 16-bit two's comple- 
ment format, right hand justified, with the sign bit extended 
acrossthe most significant unused bits. 


• 


Cycle 
+Max 
-Max 
Mid-Range 


16 
7FFF 
8000סס oo 


13 
OFFF 
FOOOסס oo 


8 
007F 
FF80 
0000 


Calibration Holding Register- 
This register is for diagnostic purposes only. It is one 16-bit 
wide register mapped into the write only secondary address 
space 0 to 7 (Le., a write to any of the secondary addresses 
0-7 will load the Calibration Holding register). This register is 
write only and cannot be read back directly. It is used when 
the mode field in the Instruction Word is set to CAL Write, 
and the Instruction is executed. This command takes the 
contents of the Calibration Holding register and loads it into 
the Calibration register of the AI D converter. Note that this 
will change the calibration of the AID converter, and a cali- 
bration of the AI D converter should be done after a CAL 
Write command is issued. 
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ML2200, ML2208 


OP 
0 


OP 
1 


OP 
2 


OP 3 


OP 4 


OP 5 


OP 6 


OP 
7 


8 x 16OPERATION 
12 
REGISTERS 


13 


14 


15 


The Instruction RAM, sometimes referred to asthe Operation 
registers, consists of eight 16-bit wide registers broken up into 
seven different fields (see Figures10and lOA). Each Instruc- 
tion or Operation defines a single conversion, where the 
converted data result is stored in the corresponding data 
output register. Note that when the SlFTST bit in the Control 
register is set, the Instruction Word is redefined for diagnostic 
mode. Figure 12 illustrates the redefinition when SlFTST is 
set. The following section defines the seven different fields 
making up the Instruction word when SlFTST=0. 
015 
014 
013-11 
010-8 
07-5 
04,3 
02-0 


REF(Bits 2,1,0- 
Voltage Reference Selection) REFspecifies 
the source of the voltage reference used for the AI D 
conversion. 


GAIN (Bits 4 and 3-Gain 
Settings) GAIN defines the gain of 
the precision instrumentation amplifier. The gain can be 
either 1,2,4, or 8. Each gain factor of 2 adds an additional 4 
internal clock cycles (1/fcLK1) to the conversion time. There- 
fore a gain of 8 adds an additional 12internal clock cycles to 
the conversion time. 


CYCLE(Bits 7, 6, 5-Cycle 
Select)CYCLEdefines one of five 


different cycles: 8-, 13-,or 16-bit conversions, and READ or 
WRITE CAl CODE. Choosing 8-,13- or 16-bit cycles deter- 
mines how many bits the AI D converter will convert. How- 
ever, even though the converter has a 16-bit cycle, it may not 
have 16bits of useful resolution. The useful resolution of the 
.converter can be determined from the linearity specs. 


Since the algorithmic converter isa successive approximation 
type of converter, an 8-bit cycle requires the least amount of 
time to convert, and the 16-bit cycle requires the most. Refer 


to Sampling Ratesand Conversion Times for the exact num- 
ber of clocks each cycle takes. 


READ CAl CODE and WRITE CAl CODE cycles are for diag- 
nostic purposes only. READ CAl CODE readsthe Calibration 
register in the AID converter and loads it into the corres- 
ponding data output register. WRITE CAl CODE transfers the 
contents of the Calibration Holding register into the AID 
converter's Calibration register. The transfer iscomplete after 
the operation is executed. Referto Diagnostics for more infor- 
mation on READ and WRITE CAl CODE. 


CHAN (Bits 10, 9, 8-lnput 
Channel Number) defines the 


input channel to be converted. 


ALRMEN (Bit 14-Alarm 
Enable) When this bit is set the 


alarm criteria for the operation isenabled, otherwise the 
alarm isdisabled for this operation. If AlRMEN is set and the 
alarm condition is met, the AlRM bit in the Status register will 
be set at the end of the operation. 


LAST(Bit 15- 
LastOperation) signifies that this operation is 
the last operation of the sequence. The chip will return to 
and begin the first operation of the sequence after execution 
of the current operation. If all eight operations are specified, 
the last one MUST have this bit set. 


MODE (Bits 13,12, 11-Mode 
Selection) defines the condi- 
tion that must be met for the operation to proceed. The 
mode field also has an effect on the Operation Execution 
Time. 


000 
Immediate Execute 
. 


001 
Intra-Sequence Pause 


010 
Start on Next Time out 


011 
PresetTimerlStart on Time out 


100 
External Sync Start 


101 
External Sync/Timer PresetlTime out 


110 
IllEGAL 


111 
IllEGAL 


EventsThat Occur Within an Operation 


To better understand six modes of the Ml2200 
or Ml2208 


one must first understand the events that occur during an 
operation. This can be aided by referring to Figure 17. 
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The first event that occurs in the Operation is the Start of 
Operation. This mayor may not be the beginning of the 
conversion, depending on the mode selected. The time be- 
tween the Start of Operation and Start of Conversion is varia- 
ble. When the conditions of the mode have been met, the 
Start of Conversion occu rs. 


The Conversion Execution time includes the input and refer- 
ence acquisition times, the gain time, and the successive 
approximation 
conversion time. Shortly after the Start of 


Conversion the S/ H goes into sample mode acquiring the 
input channel for eight internal clocks. After the input has 
been acquired the S/ H goes into hold mode, disconnecting 
the S/ H from the input channel, and transferring the charge 
into the A/D converter. A couple of clocks later the same 
S/ H goes into sample mode on the reference voltage, either 
the internal VREF or one of the input channels. The reference 
acquisition time for all six modes is the same; eight internal 
clocks. After the S/ H goes into hold mode the successive 
approximation A/D conversion begins. When the conver- 
sion is complete the next operation begins. 


Immediate Execute (000) - 
The Start of Conversion begins at 
the Start of Operation. In other words, the conversion begins 
the instant the operation begins. There is no gating item de- 
laying the conversion. This mode allows the chip to convert 
at its maximum rate with no unnecessary delays. As an 
example of calculating the sequence time, if all eight opera- 
tions used Immediate Execute with a gain of 1and a B-bit 
conversion, the time to execute one sequence (all eight oper- 
ations) would be 8 • 110 = 880 internal clocks. 


Intra-Sequence Pause (001) - 
This mode provides a way for 


the microprocessor to initiate conversions, rather than the 
other modes which either initiate conversions from internal 
timings or an external pulse. At the Start of Operation the ISQ 
status bit is set. The microprocessor will recognize the setting 
of the ISQ status bit either by polling the Status register, or 
having enabled the ISQ interrupt. The Start of Conversion is 
delayed until the ISQAK bit in the Interrupt Acknowledge 
register is set. 


Start on Next Time out (010) - 
After the Start of Operation 
occurs the Start of Conversion is delayed until the internal 
timer decrements from 1to O. When using this mode the 
timer will be free-running. This means that the timer is initial- 
ized in the Halt mode and left alone to decrement and reload 
automatically when in the Run mode. This mode can be 
used to establish a specific sampling rate. Note that the timer 
value must be greater than the conversion time, therefore this 
mode can only slow the sampling rate down from its maxi- 
mum rate. In the case where several operations q.reused, and 
only one of them usesthis mode, the timer value must be 
greater than all the other Operation Execution times plus the 
current operation conversion time. 


Preset Timer / Start on Time out (011)- 
At the Start of Opera- 


tion the timer is loaded with its pre-programmed count. The 
delay between the Start of Operation and the Start of Conver- 
sion isthe pre-programmed count. Execution time of the 
operation is the pre-programmed timer count plus the con- 
version time. As opposed to mode 2, the timer can be any 
value between 2 and 216; i.e., there is no restriction on the 
timer value being greater than the conversion time. One 


application of this mode would be when an external analog 
event istriggered by the SYNC pulse, and the conversion 
needs to be delayed by a programmable amount of time. 


Using the External SYNC Input- 
The following description 
applies to modes 4 and 5, since these two modes use the 
external SYNC input. These modes should only be used 
when the SYNC pin is programmed asan input (MSTR bit in 
Control register is0). If the external SYNC signal arrives be- 
fore the Start of Operation, it may be latched depending 
upon the arrival time. If it arrives 22 clocks after the previous 
operation's Start of Conversion, external SYNC will be 
latched; any time before will missthe pulse. Therefore the 
external SYNC pulse rate should not be any faster than the 
frequency of the operations which use this mode, otherwise 
there will be more external SYNC pulses than conversions. 


External SYNC Start (100) - 
After the Start of Operation, the 


Start of Conversion is delayed until the rising edge of the 
SYNC pulse and the next rising edge of the internal clock. 
Unless the rising edge of the external SYNC is synchronized 
with the internal clock (SeetSYNCCKSpec), the aperture 
uncertainty is one internal clock. 


External SYNC/Timer 
Preset/Time out (101)- 
Forthis mode, 


the external SYNC pulse presetsthe timer, and when the 
timer times out the Start of Conversion begins. The timer is 
preset after the rising edge of the external SYNC and the next 
rising edge of the internal clock. When the timer transitions 
from lto 0, the Start of Conversion begins. As in the previous 
mode, unless the rising edge of the external SYNC is synchro- 
nized with the internal clock, the aperture uncertainty isone 
internal clock. 
• 


Timer Functions of the Different Modes- 
The on-chip timer 
is started when RUN is asserted. It then free-runs, pre-loads 
and restartsitself at the pre-programmed count unless one of 
the modes in an operation word specifies a timer preset. If 


"Start'on Next Timeout" 
mode is selected for all operations, 


the timer free-runs and subsequently starts conversions on 
regular intervals, without the inclusion of any variable over- 
head timing requirements of any specific operation. The 
"preset timer" function that can be specified in any opera- 
tion, functions asa "one-shot" 
time out feature; however it 
can upset the regularity of conversions. The use of the exter- 
nal SYNC start allows flexibility with asynchronous conditions 
outside the chip. In addition, the use of time out with exter- 
nal SYNC allows synchronous operation of multiple Micro 
linear chips with interleaved operation. If a different rate is 
desired other than increments of one master clock cycle (1/2 
the ClK pin frequency) or if external events need to be 
counted before starting an operation, then setting the !eLK bit 
in the control register will divert the timer to the !eLK pin for 
all operations. 


Timer Holding Register- 
Secondary Register16- 
This regis- 
ter holds the pre-programmed value of the timer. The value is 
in 1internal clock increments, or the period of !eLK if this 
input is used. The timer is a countdown timer, therefore the 
realized delay will be the number loaded into the Timer 
Holding register multiplied by the clock period. The value is 
written asa 16-bit binary word, and either high or low bytes 
can be written first. These registersare both writable and 
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readable, with register writes executed only when the chip is 
in the Halt mode (RUN bit cleared in the control register). 
Reading the Timer Holding register will return the pre- 
programmed value for the timer, it will not provide the actual 
timer value. Timer Holding register values of lor 0 are illegal 
and will "hang up" the timer when placed in Run mode. 
Therefore the minimum value that can be loaded into the 
Timer holding register is 2. The timer is decrementing when 
in Run mode and idle when in Halt mode. When the chip is 
placed in Run mode, the timer is automatically loaded with 
the value in the Timer Holding Register,and begins to count 
down. 


Alann Registers- 
Secondary Registers17, 18 (Read/Write) - 


These registersspecify the alarm criteria against which the 
converted data of a current operation iscompared. The com- 
parison occurs only when the ALRMEN bit is setwithin the 
operation. Secondary register 17 isAlarm A and secondary 
register 18 is Alarm B. These values are written in two's com- 
plement format, right justified and sign extended (refer to 
Data Format for more information). 


Alann Criteria Register- 
Secondary Register19lower byte 


(Read/Write)-Specifies 
the compare criteria to be used 


with alarm registersA and B. Bit a specifies whether the com- 
parison of alarm word A isto be greater than (setting the bit) 
or lessthan equal to (clearing the bit). Similarly, bit 1specifies 
the same criteria for alarm word B. The criteria of the two 
groups can be "ANDed" 
or "0Red" together by clearing 


(OR) or setting (AND) bit 2. Bits 3 and 4 enable the alarm 
comparison for words A and B, respectively. Bits 5, 6, and 7 
are unused and be can be any value when written, always 
read asones. The following table illustrates all of the possible 
combinations, X signifies don't care. 


Bit Number 


4 
3 
2 
1 
0 


ENB 
ENA 
AND 
GB 
GA 
TestDone: 


0 
0 
X 
X 
X 
No Test 


0 
1 
X 
X 
0 
';;A 


0 
1 
X 
X 
1 
>A 


1 
0 
X 
a 
X 
';;B 


1 
0 
X 
1 
X 
>B 


1 
1 
0 
a 
a 
"'Bor 
';;A 


1 
1 
a 
a 
1 
';;Bor>A 


1 
1 
0 
1 
0 
>Bor';;A 


1 
1 
a 
1 
1 
>Bor 
>A 


1 
1 
1 
a 
0 
';;B and';;A 


1 
1 
1 
a 
1 
';;Band>A 


1 
1 
1 
1 
0 
>Band 
';;A 


1 
1 
1 
1 
1 
>Band 
>A 


Using the various criteria, the chip can discern whether a 
certain channel is inside or outside a band, or greater than or 
lessthan a value. Notifying the microprocessor can be done 
through an interrupt or by polling the status register. 


Interrupt Mask-Secondary 
Register19 Upper Byte 


(Read/Write) 


This register is used to define which interrupt conditions are 
capable of setting the hardware interrupt pin and the INT bit 
of the Status register. The bits in the Interrupt Mask register 
are interrupt enable bits, meaning when the bits are setthey 
enable the corresponding status bit to activate the hardware 
interrupt pin aswell asthe INT bit in the Status register. The 
INTL bit determines the polarity of the INT pin. If set, the INT 
pin becomes active low, with an open drain output. If clear, 
the INT pin becomes active high, with driving capability in 
both directions. 


Secondary Registers20 to 31- 
Undefined 
These registersare undefined and will cause unpredictable 
results if read or written to. 


4.0 
SAMPLING 
RATESAND 
CONVE RSION TIMES 


To determine the sampling rate, one must first determine the 
sequence execution time. A sequence is defined asthe num- 
ber of operations or instructions used. Therefore the se- 
quence execution time equals the sum of the individual 
operation execution times. The simplest case for determining 
the sampling rate iswhen only one operation is used in the 
sequence. Then the sampling period isthe operation execu- 
tion time. If all eight instructions are used in the sequence, 
the sampling rate would be the sequence rate multiplied by 
the number of times the channel was sampled in the 
sequence. 


It is possible to sample one channel more frequently than 
another. Forexample, if every other operation sampled chan- 
nel 0, while the remaining operations sampled channels 1,2, 
and 3, the sampling rate for channel 0 would be four times 
the sampling rate of the other channels. If periodic sampling 
is important, one must be careful when sampling a channel 
multiple times in a sequence since different operations can 
have different execution times. 


Example: Sampling Four Channels in a Burst Every 10ms 


Using Mode 2 "Start on Next Time out" for Instruction a will 
establish the lams sampling rate, once the clock is initialized 
properly. Instructions 1,2, and 3 can each use Mode 0 "Im- 
mediate Execution". Forthe ML2200, each instruction can 
sample a different channel, thus covering all four channels in 
a burst. Forthe ML22a8, the same holds true except all eight 
channels can be sampled in a burst, periodically. 


Assuming the external clock is 7MHz and each conversion is 
13bits with a gain of 1,the conversion time for each opera- 
tion will be 110 * 286 ns = 31.4,..s.Therefore four instruc- 
tionswill 
require 4 * 31.4,..s - 
125.7,..s.The execution 


time is much lessthan the sampling rate, thus the timer can 
be used to set the sampling rate. The timer value for a lams 
sample rate is: 10ms/286ns 
= 35,000 decimal or 88B8H. 
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Operation 
or Instruction 
Execution Time 


Figure 17 illustrates the Operation Execution Time. The time 
between the Start of Operation and Start of Conversion is 
variable and depends on the Mode chosen. For more infor- 
mation on how to determine the time between Start of Oper- 
ation and Start of Conversion refer to the Secondary registers 
Mode field description in the Instruction RAM. 


The Conversion Execution time depends on the Cycle, the 
Gain, and the Mode chosen in the instruction word. Modes 
0-5 all behave the same way when it comes to Conversion 
Execution Time. To help determine the Conversion Execution 
Time the following table gives the number of internal clocks 
used for Modes 0-5 based on the Cycle chosen. 


Cycle 


16-Bit 
' 


13-Bit 


8-Bit 


ReadCAL 


WriteCAL 


Number 
of Internal System 
Clocks Needed 
(1/fClK1) 


128 


110 


< 
80 


80 


52 


Add 4 extra clocks to the Cycle time for each gain of 2 (in- 
cluding ReadCAL and Write CAL). Fora gain of 2 add 4 extra 
clocks, for gain of 4 add 8 extra clocks, for gain of 8 add 12 
extra clocks. Example: Modes 0-5, Cycle = 13-bit conversion 
with a gain of 8. Conversion Execution time is 122internal 
clocks. 


5.0 
MICROPROCESSOR 
INITIALIZATION 
PROCEDURE 


The following sequence of steps is recommended when 
initializing the ML2200 from the microprocessor: 
1) Keep resetactive for at least 10internal clock cycles after 


power supplies have stabilized. If a software reset is issued, 
hold off microprocessor communications 
with the chip 


until the RESETbit in the control register is read back as 
cleared, which takes 4 internal clock cycles. 


2) If desired, check the data register path by performing a 


write and read of the calibration register for all 8 opera- 
tions. (This step isoptional, but does provide user 
assurance of the integrity of the on-chip data paths.) The 
calibration register is a full 16-bit data path. 


3) Perform a calibration by first enabling the CLCP interrupt 


in the Interrupt Mask register, then start the calibration by 
asserting the CAL bit in the Control register. Alternately, if 
an interrupt driven system is not desired, the interrupt 
status register can be polled 8260 internal clocks after the 
CAL bit has been set. The chip should not be polled dur- 
ing calibration. 


4) Upon receiving the CLCP interrupt, acknowledge it. If 


desired, read back the calibration code to verify a success- 
ful calibration. Other diagnostics may be run at this time, 
however diagnostics are optional and not required. 
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5) Load the Instruction RAM, alarm criteria, interrupt condi- 


tions, and timer. Setthe proper data transfer mode up 
(DMA, interrupt driven or polled mode.) Clear all status 
bits before setting the RUN bit. 


6) Start the chip running by setting the RUN bit in the Con- 
trol register. This may be done by ORing the RUN bit with 
the other bits already configured in the Control register; 
however do not set the CAL bit again or another calibra- 
tion will take place. Writing a 0 to the CAL bit has no ef- 
fect; it will still read 1. 


5.1 
Reset I Power.{)n 
Conditions 


When applying power to the ML2200, DVcc and AVec 
should never be powered-on at different times. 


It is OK to assert both RD and WR during RESETtime, but not 
legal to do so otherwise; this may damage the chip internally. 


The following list specifies the affected registerson the chip 
after a reset is performed. Note that both hardware and soft- 
ware resetof the chip have identical effects. 


All registersshown below are cleared (all bits 0): 


Primary Registers: 


Index register (register 2) 
Control register (register 3) 
Statusregister (register 4) 
Sequence status (register 5) 
Secondary 
Registers: 
Interrupt bit mask (upper half, register 19) 
Alarm criteria register (lower half, register 19) 


All other registerswill have random data in them after power- 
on. If a hardware or software reset is performed later, registers 
which are not listed above will be unchanged. 
Re-calibration after a hardware or software reset is not neces- 
sary,since the calibration register remains the same after a 
reset. Only after a power-up is a calibration necessary. How- 
ever the CAL bit in the Control Registerwill be cleared after a 
reset. Setting the RUN bit while the CAL bit is clear will cause 
the RNERbit to be set. But, if a calibration had been done 
before the reset, the R 
ERmay be ignored. 


5.2 
Timer 
If any of the operations require a timer function, (either a 
one-shot or regular conversion interval) then the timer value 
must be written. This is done by writing the index register 
value to 10hexadecimal and writing the proper 16-bit time 
value to the window registers.The timer value must be 
greater than 1. If using mode 2 "Start on Next Time out" the 
timer value must be greater than the conversion time. 


5.3 
Limit Alann Operation 
The chip may be set up to watch for certain data conditions 
by enabling the proper interrupt bits in the Interrupt Mask 
register. These conditions include AID overrangel 
underrange and user-defined alarm criteria. In order to use 
the alarms, the A and B alarm values must be defined. Note 
that since alarm registersA and Bare 16 bits wide, 13-bit two's 
complement sign extended values must be loaded. (Referto 
Data Format for more information). In order to further qualify 
alarm registersA and B, the Alarm Criteria register must be 
initialized. 


• 
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5.4 
Defining Interrupt Conditions 


If the chip is used in polled situations, the interrupt mask bits 
need not be set unless the "OR" of the interrupt conditions, 
bit 7 in the Status register is used. 


If the chip is used in interrupt mode rather than polled mode, 
the desired interrupt conditions should be considered. In 
addition to the interrupts specified for data comparison oper- 
ations, several other interrupts can be defined in the Interrupt 
Mask register. The DBR bit can be set if the DBR pin is not 
used. This enables interrupts at the end of sequences for data 
transfer via the INT pin. The intra-sequence interrupt bit 
should be enabled if intra-sequence pausesare desired in any 
of the operations. Overrun error and run-time error bits 
should be enabled if trapping of these errors is desired. 


Note that alarm A and Band overrange interrupts occur at 
any time within the sequence of operations. Due to the inter- 
rupt latency time of the microprocessor, multiple interrupts of 
this type within a sequence may be indistinguishable from 
each other. The A and B alarms should generally be used on 
only one operation so that its source can be determined with 
no ambiguity. Overrange interrupts can be handled byexam- 
ining the data in the chip at the end of the sequence. 


The INT pin polarity can be defined to be active high (bit 15 
cleared in the Interrupt Mask register) or active low (bit 15 
set). When active low is chosen, the INT pin is open drain 
without a pull-up. When active high, the INT pin is driven 
actively in both directions. The default condition is active 
high, and the INT pin is actively driven low during resettime. 


6.0 
METHODS OF DATATRANSFE R 
TO THE MICROPROCESSOR 


There are several ways to handle the data output; polling, 
interrupt, or DMA. If interrupts are the method chosen, 
method 5) may be preferable. Method 5) DMA/lnterrupt 
mode, does not require a DMA controller. It simply usesthe 
DMA mode of the ML2200 or ML2208 which can be inter- 
faced to an interrupt controller. 


1) Intra-Sequence pause instruction is used when the 
microprocessor is not going to periodically/continuously 
read the data, but it will read the data at arbitrary times. 
The Table 1below shows the op codes to sample all eight 
channels. 


Table 1. Channels in an ML2208 at Arbitrary Times 


Using these instructions the program begins when the RUN 
bit is set in the control register. Immediately after RUN is set, 
before the first conversion takes place, the ISQ bit in the 
status register is set. This indicates that the sequencer has 
paused. When the microprocessor wants to read a value on 
one or more of the channels it setsthe ISQAK bit in the Inter- 
rupt Acknowledge register. The ML2208 then performs eight 
conversions back-to-back, jumps back to sequence 0, and 
setsthe ISQ and DBR bits in the status register. The data from 
all eight channels is now available in the Data RAM. The next 
time a conversion is desired, once again the microprocessor 
sets ISQAK in the interrupt 
acknowledge 
register. 


2) Polled mode transfer is done simply by polling the status 


register and examining the DBR bit to see if a sequence 
has been completed. The DBRIE interrupt mask bit need 
not be set, but an acknowledge should be done by setting 
DBRAK in the Interrupt Acknowledge register, otherwise 
an overrun error' will occur. The CPU can just poll the INT 
bit in the Status register. Only the bits which 
are 


enabled 
in the Interrupt 
Mask register will set the 


INT status bit. When the INT bit is set, the CPU can 
examine the other 
status bits to determine 
which 


requests are active. 
3) Interrupt.mode 
can be implemented using the INT pin 
and enabling the desired interrupt conditions in the Inter- 
rupt Mask register. The polarity of the INT pin can be 
selected at the same time. If desired, DBR can be used as 
a second interrupt pin to signify the transfer of data only. 
This may be useful in systemswith multiple and 
prioritized interrupt structures. If DBR is used, the DBR 
mask bit in the interrupt mask register should be disabled 
or cleared. 


4) DMA mode can be implemented by setting the DMA 


enable bit in the control register and selecting high byte or 
low byte first by setting or clearing the LOBYT bit. The 
DBR pin is utilized asthe DMA request, and will remain 
asserted until all data from the sequence is read. 


5) DMA/lnterrupt 
mode. DMA mode can also be used in 


non-DMA applications. Although this appears to be un- 
conventional, it may actually be preferred over the inter- 
rupt mode because of its convenience and speed. One 
way to do this would be to use the DBR pin asan interrupt 
request but enable DMA mode in the DAP.When data is 
ready DBR interrupts the microprocessor. The 


Last 
ALRMEN 
Mode 
CHAN 
Cycle 
Gain 
REF 


SEQO 
0 
0 
Intra Sequence 
CHO 
13 
Internal 
Pause 


SEQ1 
0 
0 
Immed Execute 
CH1 
13 
1 
Internal 


SEQ2 
0 
0 
Immed Execute 
CH2 
13 
1 
Internal 


SEQ3 
0 
0 
Immed Execute 
CH3 
13 
1 
Internal 


SEQ4 
0 
0 
Immed Execute 
CH4 
13 
1 
Internal 


SEQ5 
0 
0 
Immed Execute 
CH5 
13 
1 
Internal 


SEQ6 
0 
0 
Immed Execute 
CH6 
13 
1 
Internal 


SEQ7 
1 
0 
Immed Execute 
CH7 
13 
1 
Internal 
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microprocessor then reads either wi ndow register the 
required number of times to drain the Data RAM. Using 
the DMA mode interrupt method over non-DMA mode 
interrupt method savesa lot of overhead. Forexample in 
non-DMA mode interrupt method (assuming AUTO I is 
set),the index register would have to be set on entry, and 
the DBRAK bit would have to be set each service routine. 
In DMA interrupt mode, neither the Index register nor the 
DBRAK bit would have to be set. These are handled auto- 
matically in DMA mode. 


7.0 
POWER-DOWN MODE 


The chip can be powered-down by asserting the PDNpin. It is 
advisable to place the chip in HALT mode first by clearing the 
RUN bit in the control register, however the chip will auto- 
matically go into Halt mode when powered-down. All analog 
circuits are powered-off; digital circuits are left in an idle state. 
All registerswithin the chip will retain their values down to a 
level of 2V between Vcc and GND. 


Powering-up the chip is done by bringing PDNhigh. The chip 
will be in Halt mode upon power-up. Note, however, that the 
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first 10ms of chip operation after a power-up will not be valid 
due to the settling of quiescent bias conditions within the on- 
chip's analog circuits. Any data that is returned for this period 
after power-up should be considered invalid. The user has 
the choice of either throwing away the first 10ms of data or 
waiting for 10ms and then setting the chip in RUN mode. The 
on-chip timer can be used for this purpose, if desired, by 
defining a sequence of dummy operations that last for the 
required delay, then re-writing the required operations for 
normal use. 


Acknowledge register. DBRAKshould also be set sometime 
before the next sequence to prevent the OVRN bit from 
being set, however this is not necessary. 


Note that the microprocessor cannot let the ML2200 se- 
quencer run continuously, i.e., SEQ 0 would be changed to 
Immediate Execute and asynchronously read the Data RAM. 
The problem in this case would be that the microprocessor 
may read the data at the same time that the chip is updating 
it. That is why either polling, interrupt, or DMA transfer is 
required in a continuous run mode of operation. • 


Diagnostics 
The ML2200 and ML2208 may be run through a diagnostic 
routine after power-up. The DAP provides software 
programmable diagnostics so that no external hardware is 
necessary. Diagnostics are not necessary.They are provided 
asan option to the user. 


Self-Test Mode 
Setting the SLFTSTbit in the Control register redefines the 
CHAN field in the Instruction Word. This in effect changes 
the input to the Sample-and-Hold from the multiplexer input 
channels to internal points within the chip; such asVREFand 
AGND. Conversions in the Self-TestMode allow the user to 
determine how the Sample-and-Hold and AI D converter 
behave with known input signals.This can be useful asa 
diagnostic routine for a product in the field, or asa debugging 
feature during product development. Figure 16 illustrates the 
re-definition of the instruction word when SLFTST= 1. 
1. System Offset - The positive and negative inputs to the 


Sample-and-Hold are tied to analog ground. With this 
setting, converted data will give the offset of the AI D 
converter and Sample-and-Hold combination. 


2. Internal Reference - Connects the positive input of the 


Sample-and-Hold to VREFand the negative input of the 
Sample-and-Hold to analog ground. The result of convert- 
ing in this test mode is a value near positive full scale. 


3. Invert Internal Reference - Connects the negative input of 


the Sample-and-Hold to VREFand the positive input of the 
Sample-and-Hold to analog ground. The result of convert- 
ing in this test mode is a value near negative full scale. 


4. Common 
Mode - Both the positive and negative inputs of 


the Sample-and-Hold are tied to the internal VREF'The 
result of a conversion in this test mode indicates how well 
the converter is rejecting a common mode signal. 


Since setting the SLFTSTbit merely changes the input to the 
Sample-and-Hold, conversions must be executed in order to 
read the results. This means placing the chip in the RUN 
mode and reading the resultsfrom the Data RAM. It is possi- 
ble to run one sequence then halt the sequencer and read 
the results.The sequencer can be put in a "pause" via the 
Intra Sequence PauseMode instruction. The following 
instructions accomplish this: 


lAST 
AlRMEN 
MODE 
CHAN 
CYClE 
GAIN 
REF 


SEQO 
0 
0 
INTRA SEQ PAUSE 
SYSTEMOFFSET 
13 
1 
0 


SEQ1 
0 
0 
IMMED EXECUTE 
INT REF 
13 
1 
0 


SEQ2 
0 
0 
IMMED EXECUTE 
MINUS INT REF 
13 
1 
0 


SEQ3 
1 
0 
IMMED EXECUTE 
COMMON 
MODE 
13 
1 
0 


After the RUN bit is set, the ISQ bit in the status register is 
immediately set. Setting the ISQAK bit in the Interrupt Ac- 
knowledge register will allow the sequencer to continue. The 
next time the ISQ bit is set, the results may be read from the 
Data RAM. 


Reading and Writing to the Calibration 
Register 


The ML2200 and ML2208 architecture provides a way for the 
microprocessor to indirectly read and write to the AID con- 
verter; specifically the Calibration register and the AI D's Data 
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register. Figure 18 illustrates this architecture. 


The instructions that cause these transfers are READ CAL 
CODE and WRITE CAL CODE; selected in the Cycle field of 
the instruction word when SLFTST~ O. WRITE CAL CODE 
transfers the contents of the Calibration Holding register into 
the AID converter's Calibration register. READ CAL CODE 
transfers the contents of the Calibration Holding register 
th rough the A I D's Data register, into the Data Output register 
with the same location asthe operation. 


As a result of providing READ and WRITE CAL, it is possible 
to execute digitalloopbacks 
through the Calibration register, 


AI D registers, and all 8 Data Output registers.These loop- 
backs provides user assurance that all of the paths are clear 
and there are no stuck bits. 


Writing to the Calibration register changes the calibration of 
the AI D converter. Therefore a self calibration should be 
performed after executing a WRITE CAL CODE to ensure the 
AI D is properly calibrated. 


1S 
0 


1~ 


15 
0 


CALIBRATION 
HOLDING 
REGISTER 
CALIBRATION 
REGISTER 
I 


1S 
0 
16 
15 
1 
0 


DATA OUTPUT 
REGISTERS 
DATA REGISTER 
I 


1 


2 


3 


4 
AID 
CONVERTER 


5 
. 


6 
_. 


7 
; 


D1GITAllOOPBACK 
ARCHITECTURE 


Reading the calibration register provides a way for the 
microprocessor to determine that the self calibration was 
successful. The microprocessor configures the DAP to exe- 
cute a READ CAL CODE after a self calibration has been 
performed. If the lower byte of data from the READ CAL 
CODE isanything other than all1s, then the calibration was 
successful. 


Eventhough the calibration register itself is a 16-bit register, 
and iscapable of holding a 16-bit result, only the lower 9 bits 
are significant in determining the calibration code. These 9 
bits have a sign magnitude format; in other words the 9th bit 
(MSB of the 9-bit word) isthe sign bit, and the other eight bits 
are magnitude bits. An easy way to determine whether the 
calibration has passedor failed isto read the lower data byte 
after a READ CAL isexecuted. If it's not all1s then the calibra- 
tion was a success. 


'Micro 
Linear 


Utilizing 
instruction 
RAM 
bits 0,1, 
and 2, any of the differen- 
tial input 
channels 
of the ML2200 
can be programmed 
to 
sense the external 
reference 
(See Figure 13.) Only 
single 
ended 
channels 
0 thru 
5 can be used on the ML2208 
(See Figure 14.) 


tJ 


~cc 


VREF 
+CHO 


-CHO 


ACND 
~ 


~cc 


~REF 
CHO 


COM 


ACNO 


The system gain errors can be nulled 
by applying 
2.4991 V 


(the full-scale 
~oltage 
minus 
1.5 LSB) to one of the input 
chan- 
nels and adjusting 
R1 until 
the digital 
output 
toggles 
between 
0111111111110 and 0 111111111111.If offset is not adjusted 
the 


full-scale 
~oltage 
will 
be shifted 
by the amount 
of this 
unadjusted 
offset ~oltage. 
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INPUTS 


REFERENCED 
TOAGND 


+CHO 


-CHO 


+CHl 


-CHl 


+CH2 


-CH2 


+CH3 


-CH3 


An op amp with an offset adjustment with a range of at least 
±1.3mV 
is required, like an OP-27. 
The Zero Error can be 
nulled by first applying 30S/AV 
to one of the input channels 
(referenced to AGND.l 
30S/AV 
isequivalent to 1/, LSBwhich 


isthe ideal input voltage which should cause the digital 
output to toggle from 0סס ooסס ooסס oo to 0סס ooסס oo 0001. 
Adjust R3 until this occurs. 


If an external reference is also being used, it should be refer- 
enced to AGND, while the COM or negative inputs are tied 
to the offset op amp asshown above. In this configuration, 
the offset adjustment will effect the gain setting and so should 
be set first. 


The Channel to Channel Zero Error and Full-Scale Error are 
very low and do not need to be adjusted seperately. If, how- 
ever, the input signal sources have their own different offsets, 
a separate op amp, with an offset adjustment, can be placed 
at each channel input. 


INPUTS 


REFERENCED 


TOAGND 
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Ml2200 
+SV 


CS 
PDN 


AVec 


+SV 
ALE 
DVcc 


All-A2 


Vss 


RD 
VTEMP 


WR 


VREF 


00-07 
CHO+ 


(unused) 
DBR 
CHO- 


CH1+ 


INT 
CH1- 


RESET 


teu, 
CH2+ 


-=- (not 
used) 
CH2- 


ClK 
CH3+ 


c::::::J 7MHz 
CH3- 
'T 


SYNC 


DGND 
AGND 


VREF 


(From M12208 
or M122(0) 
1"' 


AGND~ 


0-ISPSID 


PI 
SENSYMSCX1SDNC 
R3 
l00kQ 
Rl, RO 
10kQ 
RS 
1.25kQ 


RG 
500Q 


Output ""Itage 0-2.5V when Jl = AGND 
±2.SV when Jl = -5V 


r------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I P1 
I 
L 
.J 
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4 DIFFERENTIAL 
ANALOG INPUT 
CHANNELS • 
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ORDERING 
INFORMATION 


PART NUMBER 


Four Differential 
Analog Inputs 


LINEARITY 
ERROR 
MINIMUM 
CONVERSION 


TEMPERATURE 
RANGE 


ML2200BCJ 
±3f4 LSB 
31.5JJs 
ML2200CCj 
±1 LSB 
31.5JJs 
Hermetic 
DIP (j40) 
O°C to +70°C 


ML2200DCj 
±1 LSB 
44.0JJS 


ML2208BCJ 
±3A LSB 
31.5JJs 
ML2208CCj 
±1 LSB 
31.5JJS 
Hermetic 
DIP (j40) 
O°C to +70°C 


ML2208DCj 
±1 LSB 
44.0JJS 
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PRELIMINARY 


ML2221 


Serial Peripheral Interface (SPI) 
12-Bit Plus Sign AID 
Converter with S/H 


The ML2221 is a member of Micro 
Linear's 12-bit plus 


sign CMOS AID converter 
family utilizing a self 


calibrating algorithmic 
SAR technique. 
All errors of the 


sample-and-hold 
are accounted for in the analog-to- 


digital converter's 
accuracy specification. 


These AID converters 
have a maximum nonlinearity 


error over temperature 
of ±O.009% or ±O.012% of 


minus full scale to plus full scale. 


The serial interface is compatible 
with industry 


standard serial interfaces. The ML2221 has 4 modes of 
operation: 
gated serial data dock, gated chip select, 


chip select to initiate conversion 
with serial out data 


controlled 
by ML2221, and free run mode. 


The serial interface allows either MSB or LSBfirst data 
with 2's complement 
output 
coding. For easy interface 
to microprocessors 
and shift registers the output 
data 


word is 16 bits. 


• Nonlinearity 
error 
±314 LSB and ±1 
LSB max 


• Conversion 
time 
(including 
SIH 
acquisition) 
44tJs max 


• Harmonic 
distortion 
0.01% 


• No missing codes 
• Inputs withstand IlVl beyond 
supplies 


• Bipolar -5V to +5V analog input 
range 


• Controlled 
or free run operation 
• Direct 
4-wire 
interface 
to tJP (MPU) with 
synchronous 
serial formats 
• O°C to +70°C, -40°C to +85°C temperature 
range 
•• 
• 16-pin DIP 
••• 


CCLK+ 
CCLK 
VccI 


16-PIN 
DIP 


VIN+ 
AGND 


VIN- 
Vcc 


SCLKIN/OUT 
VREf 
CCLK 


Vss 
CCLK+ 


o 
SCLK 
RESET 


BUSY 
MSB 
cs 


SCLK 
Cs 
MSB 
BUSY 


DO 


1 
DGND 


VREF 
Vss 
r 


SELF·CALIBRATING 
12-BIT + SIGN 
AID 
AND 


SAMPLE AND 
HOLD 
FUNCTION 
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PIN DESCRIPTION 


PIN 
PIN 


NO. 
NAME 
FUNOION 
NO. 
NAME 
FUNOION 


1 
VIN+ 
Positive Differential 
Analog Input; 
11 
MSB 
Most Significant 
Bit is transmitted 


range = Vss ::; VIN+ ::; VCG 
fi rst if MSB is tied to VcC; Least 


" 


I(V1N+)- (Vlwll 
::; VREF· 
Significant 
Bit transmitted 
first if 


2 
V1W 
Negative Differential 
Analog Input; 
MSB is tied to DGND. 


range = Vss ::; V1W ::; VCG 
12 
RESET 
Active Low Reset. The RESET 


I(VIN+) - (V1w)1 ::; VREF· 
period 
is set by the time constant 


3 
VREF 
Voltage Reference Input; 
of the internal 
50K pull up resistor 


referenced 
to analog ground. 
and an external 
capacitor. After 


the RESETperiod 
the converter 


4 
Vss 
Negative Supply -5V ± 5%; 
will 
be ready for accepting 


decouple 
to AGND. 
requests or will automatically 
start 


5 
SCLKIN/OUT 
SCLK mode select 
conversions/transmissions 
based 
SCLKIN/OUT = 5V; SCLK is an input 
upon the mode. 


serial CLK. 
13 
CCLK+ 
Sets CCLK equal to internal 
clock 
SCLKIN/OUT = OV; SCLK is an 
if tied to 5V. If tied to OV the 


output 
serial CLK. 
internal 
clock equals CCLK/2. 


6 
DGND 
Digital Ground. 
With 
CCLK equal to the internal 


7 
SCLK 
Bi-Directional 
Serial Data Clock. 
CLK the user can synchronize 
to 
Serial data is transmitted 
by the 
all internal 
timing 
events, although 
clock 
present at SCLK. 
CCLK duty cycle must be 


8 
DO 
Data Out. Digital output 
which 
controlled 
to meet the minimum 


contains 
result of ND 
conversion. 
clock high and low times specified. 


The serial data is clocked 
out on 
14 
CCLK 
Clock Input. Internal 
clock can be 


falling edges of SCLK. 
generated 
by tying a crystal from 


9 
BUSY 
Three-state 
active high BUSY 
this pin to DGND 
or applying 
a 


status output. 
Normally 
low. Goes 
clock directly 
to the pin. 


high to indicate 
that a conversion 
15 
VCC 
Positive Supply. +5V ± 5% 


is in progress; de-asserted when 
decouple 
to AGND. 
conversion 
is complete 
and data is 
16 
AGND 
Analog Ground 
0 Volts. Common 
available from the conversion 
just 
mode reference 
point 
of the 


completed. 
A pulldown 
resistor is 
internal 
differential 
circuitry. 


recommended 
on this pin. 


10 
CS 
Active Low Chip Select, starts a 
conversion 
and brings the BUSY 
and DO out of the three-state 
mode. CS is used in modes where 
conversion 
or transmission 
timing 
is controlled; 
held low in gated 
SCLK and FREERUNmodes. 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 
1) 


Supply Voltage (Vcd 
.............•.................... 
6.0V 
Negative Supply Voltage (Vss) 
-6.0V 


Voltage at Analog 


Inputs 
Vss -lV 
to Vcc + lV 


Voltage at VREF 
Vss - lV to Vcc + lV 


Input Current per Digital Pin 
. .. 
±10mA 
Input Current at Analog Inputs 
±20mA 


StorageTemperature Range.. . . . . . . . . . . . . . .. 
-65°C to +150°C 
PackageDissipation at 25°C (Board Mount) 
875mW 
LeadTemperature (soldering 10 seconds) 


Dual-In-Line Package(Molded) 
260°C 
Dual-in-Line Package(Ceramic) 
300°C 


OPERATING CONDITIONS 
(Note 
2) 


Temperature Range 
TMIN 
::; TA ::; TMAX 


ML2221BI), ML2221C1) 
-4Q°C to +85°C 


ML2221BCp,ML2221CCP 
O°Cto +70°C 


Supply Voltage (Vcd 
4.5Voc to 6.0Voc 


Negative Supply Voltage (Vss) 
-4.5Voc to -6.0Voc 


Reference Voltage (VREF) 
...........•..................... 
Vcc 
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ElEORICAl 
CHARAOERISTICS 


The following 
specifications 
apply for Vcc = +5V ± 5%, Vss = -5V ± 5%, VREF= +4.75Y, VIN- = AGND, 
VIN+ = --4.75V to +4.75Y, TA = TMIN to TMAX unless otherwise 
specified. 


ML2221 BI), ML2221 el) 


lYP 
MIN 
(Note 3) 
MAX 


Linearity 
Error 


ML2221BXX 
4 
fCCLK= 0.1 to SMHz 
±3J, 
±3;" 
LSB 
ML2221CXX 
±1 
±1 
LSB 


Unadjusted 
Zero 
Error 


ML2221BXX 
4 
±3;" 
±3;" 
LSB 
ML2221CXX 
±2 
±2 
LSB 


Unadjusted 
Positive 
and Negative 
4 
±5 
±4 
LSB 
Full-Scale 
Error 


Zero 
Error Temperature 
Coefficient 
0.5 
0.5 
ppmFSI 


°C 


Gain Temperature 
Coefficient 
10 
10 
ppmFSI 
°C 


Common 
Mode 
Rejection 
5,6 
80 
80 
dB 


Analog 
Input 
Source 
Resistance 
4 
2 
2 
kfl 


Analog 
Input 
Range 
4 
VIN+ Referred 
to V1N- 
-VREF 
+VREf 
-VREf 
+VREf 
V 


Analog 
Input 
Leakage Current 
4 
100 
100 
nA 


Voltage 
Reference 
Input 
Source 
4 
0.5 
0.5 
kfl 


Impedance 


Reference 
Input 
Leakage Current 
4 
100 
100 
nA • 


Power 
Supply 
Current 


ICG VCC 
4 
30 
50 
30 
50 
mA 


Is$. Vss 
18 
30 
18 
30 
mA 


Power 
Supply 
Rejection 
7 
VCC 
DC 
80 
80 
dB 


DC to 25kHz 
. 
50 
50 
dB 
Vss 
DC 
80 
80 
dB 


DC to 25kHz 
50 
50 
dB 


VllClK. 
Clock 
Input 
Low Voltage 
4 
0.8 
0.8 
V 


VIHCllV Clock 
Input 
High Voltage 
4 
3.5 
VCC 
3.5 
Vcc 
V 


Ill. 
Input 
Leakage Current 
(CCLK) 
4 
AGND 
:::; V1N :::; VCC 
±200 
±200 
IJA 


V'u Input 
Low Voltage 
4 
0.8 
0.8 
V 


V'H. Input 
High 
Voltage 
4 
2.0 
VCC 
2.0 
VCC 
V 


YOu Output 
Low Voltage 
4 
1m ~ 2.0mA 
0.45 
0.45 
V 


VOH, Output 
High Voltage 
4 
IOH = -400IJA 
2.4 
2.4 
V 


lu Input 
Leakage Current 
4 
DGND 
:::; V1N :::; VCC 
±10 
±10 
IJA 


(except 
CCLK) 


IHI_z, Output 
Leakage Current 
4 
CS 2: V1H 
±10 
±10 
IJA 


C1, Input 
Capacitance 
5 
10 
10 
pF 


(all digital 
inputs) 


Co, Output 
Capacitance 
5 
10 
10 
pF 


(all digital 
outputs) 
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tc 
Conversion 
Time 
4,9 
fCClK = 5MHz 
(CClK+ 
= "0") 
44 
f1S 


Sample 
and 
Hold 
Acquisition 
4,9 
fCClK = 5MHz 
(CClK+ 
= "0") 
3.2 
f1S 


fCClKO 
Clock 
Frequency 
5,9 
Crystal 
(CClK+ 
= "0") 
3 
5 
MHz 


Driven 
(CClK+ 
= "0") 
0.1 
5 
MHz 


fcelK 
Clock 
Duty 
Cycle 
5,9 
Driven 
40 
60 
% 


fCClKO 
Clock 
Width 
5,9 
Driven 
(CClK+ 
= "0") I High 
50 
ns 
I low 
50 
ns 


fCClK1 
Clock 
Frequency 
5,9 
Driven 
(CClK+ 
= "1") 
0.05 
2.5 
MHz 


fCClK1 
Clock 
Width 
5 
Driven 
(CClK+ 
= "1") I High 
150 
ns 


I low 
150 
ns 


tcss 
CS low 
to BUSY Driven 
4 
85 
ns 


tcssHZ 
CS High 
to BUSY, Hi-Z 
4 
85 
ns 


tSClKSA 
SClK 
High 
to BUSY 
5 
Gated 
SClK 
270 
ns 


tCClKSD 
CClK 
low 
to BUsy' 
Deassert 
5 
160 
ns 


tsClK, DO 
Serial 
Clock 
low 
to DO Valid/Hold 
4 
. 
190 
ns 


tcs, DO 
CS low 
to DO 
Driven 
4 
85 
ns 


tcs, DOHZ 
CS High 
to DO 
Hi-Z 
4 
85 
ns 


tcs, CClK 
CS low 
Setup 
Time 
to CClK 
4 
Immediate 
Conversion 
Start 
0 
ns 


tcs. SClK 
CS low 
Setup 
to SClK 
low 
for 
5 
75 
ns 
No-Delay 
Data 
Transmit 


tCClK,sClK 
CClK 
to SClK 
Output 
Delay 
5 
SClKIN/OUT 
= "0" 
225 
ns 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 
O·C to +70·C and -40·C to +85·C operating temperature range devices are 100%tested with temperature limits guaranteed by 100% 


testing, 
sampling, 
or by correlation 
with 
worst-case 
test conditions. 


Typicals 
are parametric 
norm 
at 25°C. 


Parameter guaranteed and 100%production tested. 


Parameter 
guaranteed. 
Parameters 
not 100% tested 
are 
not 
in outgoing 
quality 
level 
calculation. 


Common 
mode 
rejection 
is the 
ratio 
of the 
change 
in zero 
error 
to the 
change 
in common 
mode 
input 
voltage. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from 0.8V to 2.0V,Cl • 50pE 
Maximum frequency is l/tClK1 
(high) + tClK1(low) + rise + fall times, which must be :S 2.5 MHz. 


Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 
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DATA 


OUTPUT:ri 


CL 
10k 
. T ~ 


50% 
10% 


tOH I~+- 
150% 
----~ 


OUTPUT 
VCC 
50% 


ENABLE, ::: 
~~-l00mv 


OUTPUT 
~ 


GND -------- 


~ 


OkVCC 


DATA 
OUTPUT 
. 


CLT 


50% 
GND-10%.-toHI~ 


VOl----~~mv 


CCLKICCLK+'''l'')~ 
INTERNALCLK 
1 
2 
3 


tcs, (ClK 
• 


J 
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t tCCL~SClK 
/ 


-1\....b-tSCl~ 
DO 


_______ 
,~\--------A 
PREVIOUS· 
FIRST DATA BIT 


VV\N 


~ 
\ 
,) 
\~~C~ 


X 
~: 
L 
PREVIOUS' 
SECONO 
PREVIOUS' 
16TH 
DATA BIT 
DATA BIT 


C 
'FIRST DATA BIT 


SClKIN/OUT 
•• 1, CS • 0 
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1.1 
ALGORITHMIC AID CONVERTER 


Micro Linear's algorithmic converter uses a s~ccessive 
approximation technique. Most of today's successive 
approximation 
converters use a DAC to feedback the 


approximated signal, however this technique requires 
more CircuItry than algorithmic converters. In addition 
the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming 
is used. An algorithmic' converter uses less 


circuitry and is more easily trimmed. Micro Linear's 
algor~t.hmicconverter is implemented 
using a 2x 


amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 6. 


The input sample is first multiplied 
by two then 


compared to the reference voltage. If the 2x input 
voltage ISgreater than the reference, the MsB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 
reference, the MsB is a 0 and the 2x input voltage is 
stored In the sample and hold. This process repeats 
again, however now, the sample and hold voltage is 
multiplied 
by 2. 


The algorithm involves multiplication 
by 2, comparison, 


and pOSSiblysubtractIon. Referring to Figure 6, the 
algOrithm for the circuit can be described as follows: 


Step 1 
If (2 x VIN) - VREF~ 0 
then MsB = 1 
(2 x VIN) - VREF-s/H 


else MsB = 0 
(2 x VIN)-s/H 


Step 2 
If (2 x 5tH) - VREF~ 0 
then next bit = 1 
(2 x 5tH) - VREF-s/H 


else next bit = 0 


(2 x s/H)-s/H 


Repeat Step 2 until conversion complete. 


ML2221 


Since.the A/D .converter handles bipolar inputs, 
negative Inputs are handled slightly differently using the 
same prinCiple. 


1.1.1 
Self Calibration 


In order to maintain integral and differential linearity in 
an algOrithmIC converter, two critical parameters need 
to be controlled, 
loop offsets and the gain of the loop. 


loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampl.ing ~mplifier and the 2x amplifier. The gain of the 
loop ISadjusted uSing self calibration. 


Self calibrating the algorithmic converter, once the 
offsets.ha~e been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (VREFIVREF), 
and 


e~amining the output code. Converting VREFshould 
yield plus full scale, since VREFIVREF 
should equal 1. If 


the gain of the loop is slightly less than 2, the resulting 
lsB of the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "1s'; the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LsB is reached. 


Adjustment. 
of the 2x gain is done with the binary 


weighted trim capacitor arrays connected to each of 
t~e 2C input capacitors. A small value of capacitance is 
either adde? to or subtracted from the 2C input caps 
until the gain of the loop is within 13-bit accuracy. 


Self calibration is done at the factorY. The calibration 
process is not available at the finished product level. • 
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1.1.2 Conversion TImes 


The following 
table lists the conversion times which 


include the sample and hold acquisition time. 


OPERATION MODE 
INTERNAL CLOCKS' 


CS,SCLKExternal 
124 


CS,SCLKSourced 
124 


FREERUN 
110 


GatedSCLK 
124 


1.1.3 Sample and Hold Timing 


Figure 7 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks', regardless of the 
start mode. Six internal clocks after the start of 
conversion the sample and hold is switched into the 
sample mode, placing two 9pF capacitors in parallel 
with the input pins; one on V1N+ and one on VIN-. 
The 


sample switch is kept in the sample mode for 8 internal 
clocks (3.2ps at a 5MHz external clock, if CLK..;-= 0), 
then placed in the hold mode. During the next 2 
internal clocks the charge on the sample and hold is 
transferred into the AID, after which the VREF pin is 
sampled for 8 internal clocks. 


1.2.1 Differential Inputs and Common Mode Rejection 


The differential 
inputs of the ML2221 eliminate the 


effects of common 
mode input noise (60Hz for 


example), as V1N+ and V1N- 
are sampled at the same 


time. 


1.2.2 
Noise 


The leads to the analog inputs should be kept as short 
as possible to minimize input noise. Noise as well as 
digital clocks can couple into the inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sources. 


1.2.3 
Power Supply Decoupling 


Low inductance tantalum capacitors of 1J.1For greater 
and O.01J.1F 
disc ceramic capacitors are recommended 
for bypassing Vcc as well as Vss to AGND. These 
capacitors should be placed close to the Vcc and Vss 
pins. 


1.3 
CONVERTERClOCK 


The CCLK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum 
capacitive loading. (i.e., 


no bypass caps should be used and leads should be 
kept short) 


If driven with external clock and if the CCLK..;-pin is 
tied to VCG the frequency must be between 50KHz to 
2.5MHz with the requirement 
that clock LOW (tCCLKL) 


and clock HIGH (tcCLKH)durations must be more than 
150ns. If the CCLK";- pin is tied to ground then the 
frequency can be from 100KHz to 5.0MHz. 


For crystal operation with the divide by two flip flop 
bypassed, and there is a 30 to 70% variation in duty 
cycle of the oscillator, the maximum crystal frequency 
is 
2.0MHz to insure that the minimum 
clock high and low 


times are greater than 150 nsec. 


INTERNAL CLOCK 


OR EXTERNALCLOCK 


CCLK+ • "1" 
I 
I 
t 


STARTOf CONVERSION 


I 
I 
I 
I 
I------SAMPLING 
INPUT---...j 


I 
I 
I 


I----- SAMPLING REfERENCE-----I 
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1.4 
RESET 


The RESETpin has an internal lOOKpullup resistor. 
Power supplies must be stable to within a ±5% 
tolerance before the reset condition 
is removed. 


The active low hardware reset can be performed 
by a 


capacitor value (usually >6t-tF)tied to the RESETpin or 
by driving it with the system reset signal. 


All four synchronous interface modes of operation are 
determined 
by CS during reset period as follows: 


SCLK 


Logic Level of 
Mode 
Select 


CS During 
Reset 
(SCLK1N1OUT) 
Serial Interfacle 
Mode 


0 
0 
FREERUN 


0 
1 
Gated 
SCLK 


1 
0 
CS, SCLK Sourced 


1 
1 
CS, SCLK External 


After the reset time, the SCLKIN/OUTpin can be 
changed tQ2witch 
between eithe!J.FREERUNand Gated 


SCLK)or (CS, SCLK Sourced and CS, SCLK External). 


The logic level of CS will not change the mode of 
operation of the ML2221 once the mode of operation is 
programmed during the RESETperiod. 


1.5.1 CS, SCLKExternal Mode 


CS starts a conversion. The SCLK is continuously 
driven 


into the ML2221 and data from the previous conversion 
is shifted out at the SCLK rate startlDg at the first SCLK 
falling edge from the CS assertion. CS is normally kept 
low for all 16 bits of data, but can be brought 
back 


high after the desired number of bits have been shifted 
out. CS should be held low for a minimum 
of 124 


internal clocks (see Figure 8) for the conversion 
to complete. 


It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. At a 5.0MHz clock and CCLK-;- = Ov, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. 


When CS is asserted (LOW) a conversion begins and 
the DO output 
becomes active. The ML2221 is ready to 


shift out the data serially. 


The BUSY output 
is in the high imQ~dance state when 


the ML2221 is not selected. When CS input goes low, 
the BUSYoutput 
is driven high or low depending on if 


a conversion is in progress. Once a conversion begins, 
BUSY is held active for 123 internal converter clocks. 


The DO output 
is high impedance when the ML2221 is 


not selected. When CS input goes low, it is driven with 
the first bit of data initially, and then begins to put out 
all subsequent data bits on each FALLING edges of the 
serial clock (SCLK).Data is always output 
in 16 bit 


format: if the LSB is output first, the data is sign 
extended after 13 bits; if the MSB is output first, the 
data is zero-filled after 13 bits. DO remains driven as 
long as CS remains low. 
• 


cs 
~CONVERSION 
TIME--J 
\~ 
~/----\'" 
_ 


BUSY 
~ 
\ 
-J1 
\~ 
~I 
\~ 
_ 


SCLK 
I11I1I111111111111111 
I " 
1111111111111 
I1I111111111 
III 
1111 
I 111111 
III 
11I1I 


DO 
- 
- 
- J1JUlJlf1JU1J1- - - - - - J1JUlJlf1JU1J1- - - - - -JUUU1J1JlJ1J 


Notes: 
1. 
U~JOk 
pulldown 
resistor on BUSY pin to get "true" 
convert 
busy. 


2. 
If CS is brought 
high in the middle of a serial data transmission, 
the data transmission 
is aborted 
and the data is reloaded 
into the output 
shilter . 
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Conversion 
is initiated 
by CS. In this mode, SCLK is 


sourced 
by the ML2221. At the end of the conversion, 


the device will 
provide 
a packet of 16 SCLKs to transmit 


the 16 bits data stream (see Figure 9). The data rate at 
which 
the data is being transmitted 
is (internal 
c1ock)/4. 
For example, when 
CCLK-';- = 1, CCLK = 256kHz, the 
data rate is 64Kbps. 


CS should 
be held low during 
the entire conversion 


and the transmission 
sequence. The time required 
to 


convert 
an analog signal is 110 clocks, with additional 


--t=2 
124 INTERNAL=ri 


cs 
17m 


time is therefore 
123 clocks plus one bit delay. Data 


transmission 
will 
need 64 (16-bit x 4) internal 
clocks. 


Hence, the total clock cycles to comp-Iete One 
operation 
in this mode is 188 clocks. CS therefore 


should 
be held low for a minimum 
of 188 clocks. 


Example: If CCLK = 5 Mhz, CCLK-.;-= 0, the maximum 
conversion 
time will be 75.2ps. Therefore, 
the maximum 
frequency 
for CS is 133kHz. 


In this mode, the data transmitted 
is always the 
current 
data. 


SClK 
11111111111111111111111111111111111111111111111111111111111111111I1111111111111111111111111111111111111111111111111111111111111111111111111111 


DO 
- 
- -JUUlJU1JlJUL - - - - - - -JUUlJU1JlJUL - - - - - - - -JlfUlJUlJUlJL 
- - - - - - cIU1JU1JlJlJl 


XMIT 
PREVIOUS 
DATA 


Notes: 
1. 
U~10K 
pulldown 
resistor 
on BUSY pin to get "TRUE" 
convert 
BUSY status. 
2. 
If CS is brought 
H/GH 
in the 
middle 
of a serial data transmission, 
the data transmission 
is aborted 
and the data is reloaded 
into 
the output 
shilter. 


cs--{_>"_88 _h 
~/~- 


SClK 
~llilllllllillil~ 
llilllllll1llll~ 
_ 


DATA 8/T 1 OF XMIT DATA 1 


DO, 


Notes: 
1. 
U~ 
10K pulldown 
resistor 
on BUSY pin to get "TRUE" 
convert 
BUSY status. 


2. 
If CS is brought 
HIGH 
in the middle 
of a serial data transmission, 
the data transmission 
is aborted 
and the data is reloaded 
into 
the output 
shilter. 
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The FREERUNmode executes continuous 
back-to-back 


conversions at the rate of 110 internal converter clocks 
per conversion, and outputs 16 bits of data and 16 
corresponding 
SCLKSat the rate of 4 internal converter 


clocks per bit (see Figure 10). The ML2221 immediately 
begins converting after reset and starts outputting 
data 


after the first conversion. A conversion rate of 44 
microseconds can be achieved by using the maximum 
CCLK frequency. 


In the FREERUNmode, SCLK can not be sourced 
externally. The SCLK provided internally by the device 
is equal to (internal c1ock)/4. Since the converter is 
performing 
continuous 
conversion, BUSY is therefore 


always asserted. 


In this mode of operation, an external SCLK source 
must be used. This external SCLK should be a 16 clock 


packet which will be used by the converter to send out 
the data and initiate the conversion simultaneously (see 
Figure 11). 


The data transmitted by ML2221 is the data from the 
previous conversion (see Figure 11). Therefore, in order 
to ensure integrity of the first data byte, the first SCLK 
signal should be initiated after a minimum 
of 124 


intern'!l clocks after reset. After the reception of the 
first SCLK signal, the converter will start the conversion 
process which is 124 clock as mentioned. Therefore the 
minimum time required between initiation of 
conversion by the SCLK should be no less than 124 
clocks. In the case of maximum CCLK at SMHz, the 
miniumum 
time interval between two packets of SCLK 


should be 49.6J1S. 


The BUSY output 
never floats and is asserted at the first 
SCLK and deasserted after 123 internal converter clocks. 
DO is always driven. 
• 


BUSY 
~ 


/ 
---- 
·110 


LJ 
LJ 
L 


1 2 
1516 
1 2 
1516 


SCLK 
~_JlJlJlJL__flJUU~ 


00 
0102 
015 
00 
0102 
015 


DO/////1///1///1///////////1- - - nJ1))lTIfZZZJ -- - ruDlJY!~7~~1/~72-/; 


·NUMBER 
Of 
INTERNAl 
CONVERTER 
CLOCKS 
OR 
CCLKS 
WITH 
CCLK+ 
• 
··1·· 


Note: Time from first SClKt to seventeenth SClKI must be greater than 124 internal converter clocks. 


Figure 11. Gated 
SCLK Mode 
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1.6 
DATA FORMAT 


The MSB pin determines if the MSB or LSBdata is 
transmitted first and in the following 
format. If more 


than 13 SCLK's occur. 


RESET 
/' 


CONVERSION 
I 
CD 


BUSY 


I 


SCLK 


ILJ 


1 
2 
-----~ 


DO//II/!!I///$//////JlI1 
DO FL.r 


" 
Micro Linear 


cs 
CO 


SClK 
SCK 


Ml2221 
68HC05C4 


5V 


MSB 


DO 
MISO 


START 
MNEMONIC 
INSTRUOION 


START 
BCLRn 
Bit 0 Port C goes low (CS goes low) 


LDA 
Load contents 
of SPI data register 
into 
Ace. (DOUT MSBs) 


STA 
Start next SPI cycle 


AND 
Clear 
3 MSBs of first DOUT word 


STA 
Store 
in memory 
location 
A (MSBs) 


TST 
Test statu5 of SPIF 


BPL 
Loop to previous 
instruction 
if not 
done 
with 
transfer- 


BSETn 
Set BO of Port C (CS goes high) 


LDA 
Load contents 
of SPI data register 
into 
Ace. (DOUT LSBs) 


STA 
Store in memory 
location 
A + 1 (LSBs) 


cs \'-- 
~/ 
• 


-5V TO +5V INPUT 
REFERENCED 
TO AGND 
CClK 


Ml2221 


SCLKIN/OUT 
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cs 
R5 


A 
B 
C 
D 
E 
F 


HC299 ~ 


-5V TO +5V 
ANALOG 


INPUT 
DO 


5CLK 
M5B 


SClKIN/OUT 


50 
CS 
51 
R5 


CLK 
~ 


5R 
6 


E 
F 


HC299~ 


LINEARITY 
TOTAL 
TEMPERATURE 


PART NUMBER 
ERROR 
UNADJUSTED 
ERROR 
RANGE 
PACKAGE 


ML2221BCP 
±3.4 LSB 
±1Y2 
O°C to +70°C 
MOLDED 
DIP 
(P16) 


ML2221BIJ 
-40°C 
to +85°C 
HERMETIC 
DIP 
(J16) 


ML2221CCP 
±1 
LSB 
±2V2 
O°C to +70°C 
MOLDED 
DIP 
(P16) 
ML2221CIj 
-40°C 
to +85°C 
HERMETIC 
DIP 
(J16) 
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PRELIMINARY 


Serial, CODEC/DSP Interface 
12-Bit Plus Sign A/D Converter with S/H 


The ML2222 
is a member of Micro 
Linear's 12-bit plus 


sign CMOS ND 
converter family utilizing 
a self 


calibrating 
algorithmic 
SAR technique. 
All errors of the 


sample-and-hold 
are accounted 
for in the analog-to-digital 


converter's accuracy specification. 


These ND 
converters have a maximum 
nonlinearity 


error over temperature of ±0.012% 
or ±0.024% 
of full 


scale. 


The CODEC serial interface is compatible 
with the 


communication 
industry standard protocol 
of PCM 


(Pulse Code Modulation). 
The ML2222 
upon receiving 


the transmit frame synchronization 
pulse (FSXj, shifts 16 


bits of data. 


The transmit clock may vary from 64 KHz to 2.048 MHz. 


The serial interface allows either MSB or LSB first data 
with 2's complement 
output coding. For easy interface 


to microprocessors 
and shift registers the output data 


word is 16 bits. 


• 
Standard communication 
industry protocol 
for 
timing and frame sync 


• 
Transmit clock from 64 KHz to 2.048 MHz 


• 
Nonlinearity 
error 
±1/2 LSB and ±1 


• 
Conversion time 
(including 
S/H acquisition) 


• 
Harmonic 
distortion 


31.51Jsmax 


0.01% 


• 
No missing codes 


• 
Self calibrating 
- 
maintains accuracy over time 


and temperature 


• 
Inputs withstand 
17VI beyond supplies 


• 
Bipolar -2.5V 
to +2.5V analog input range 


• 
O°C to +70°C, -40°C to +85°C temperature 
range 


• 
16-pin DIP 
• 


CCLK 
Vcc 
Vcc 


r r 


BYPASS 


RESET 


SElF-eAliBRA 
TlNG 
TSX 
12-BIT + SIGN 
AID 
FSX 
FSX 
AND 


VIN- 
SAMPLE AND 
HOLD 
FUNCTION 


MSB 


DX 


1 
1 


AGND 
RESET 
DGND 
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PRELIMINARY 


ML2223 


Asynchronous Serial Interface 
12-Bit Plus Sign AID 
Converter with S/H 


The ML2223 is a member of Micr~ Linear's 12-bit plus 
sign CMOS AID converter family utilizing a self 
calibrating algorithmic 
SAR technique. 
All errors of the 


sample-and-hold 
are accounted for in the analog-to- 


digital converter's accuracy specification. 


These AID converters have a maximum nonlinearity 
error over temperature 
of ±O.009% or ±O.012%of full 


scale. 


For easy interface to microprocessors, the ML2223 is 
designed to transmit data into RS-232type ports. 


The ML2223 operates in an asynchronous mode of 
operation. 
In this mode, the AID continuously 


transmits 2 bytes in a 24-bit stream, inserting 8 idle bits 
between transmissions. When CURR input pin is tied 
high, transmission of the previous data begins 
immediately upon receiving a conversion start request. 
When CURR is low, transmission is started after a new 
conversion is completed. 


The serial data clock can be generated by the ML2223 
or it can be provided by an external source. 


The serial interface provides LSBfirst data with 2's 
complement 
output coding. 


• RS-232 compatible 
asynchronous 
interface 


• One-wire 
data transmission 
• Continuous 
conversions 
• Nonlinearity 
error 
±3/4 LSB and ±1 
LSB max 


• Conversion 
time 


(including 
SIH acquisition) 
45.611S 
max 


• Bipolar -5V to +5V analog input 
range with 
±5V 


power supplies 


• Harmonic 
distortion 
0.01% 


• No missing codes 
• Self calibrating 
- 
maintains accuracy over time 


and temperature 


• Inputs withstand 
17V1beyond 
supplies 


• O°C to +70°C, --4Q°Cto +85°C temperature 
range 


• Standard .3" 16-pin DIP 


CCLK 
Vcc 
r 


SElF-CALIBRATING 
12-BIT 
+ SIGN 
AID 
AND 
SAMPLE 
AND 
HOLD 
FUNGION 


UNIVERSAL 


ASYNCHRONOUS 


TRANSMIT 
CONTROL 


AND 
TIMING 


VIN+ 
AGND 


VIN- 
vcc 


VREF 
CClK 


vss 
CLKMODE 


INSCLK 
RESET 


DGND 
CURR 


SCLK 
RESERVED 


Dour 
BUSY 


TOP VIEW 
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ML2223 


PIN DESCRIPTION 


PIN 
PIN 


NO. 
NAME 
FUNGION 
NO. 
NAME 
FUNGION 


1 
ViN+ 
Positive 
Differential 
Analog 
Input; 
9 
BUSY 
Three-state 
active 
high 
BUSY 


range 
= Vss ::; VIN + ::; VCG 
status 
output. 
Normally 
low. 
Goes 


I(VIN+) 
- (VIN-)I 
::; VREF· 
high 
to 
indicate 
that 
a conversion 


2 
VIN- 
Negative 
Differential 
Analog 
Input; 
is in 
progress; 
de-asserted 
when 


range 
= VSS ::; VIN - ::; VCG 
conversion 
is complete 
and 
data 
is 


I(VIN+) 
- 
(V1N-1i ::; VREF· 
available 
from 
the 
conversion 
just 
completed. 
A pulldown 
resistor 
is 
3 
VREF 
Voltage 
Reference 
Input; 
recommended 
on 
this 
pin. 
referenced 
to 
analog 
ground. 


10 
RESERVED 
This 
pin 
should 
be 
tied 
to 
ground. 
4 
Vss 
Negative 
Supply 
-5V ± 5%; 
11 
CURR 
Current 
or 
Previous 
Data 
Mode 
decouple 
to 
AGND. 


pin. 
When 
this 
pin 
is tied 
high, 
5 
INSCLK 
SCLK 
Mode 
Select 
the 
data 
will 
be transmitted 
at the 


This 
pin 
is used 
to 
select 
SCLK 
pin 
start 
of a conversion 
(previous 


as an 
input 
or 
an output. 
When 
data 
mode). 
When 
CURR 
is tied 
INSCLK 
is high, 
SCLK 
is an 
input. 
low, 
the 
data 
will 
then 
be 


When 
INSCLK 
is low, 
SCLK 
transmitted 
at the 
completion 
of 
becomes 
an output 
pin. 
SCLK 
will 
the 
conversion. 
then 
provide 
a clock 
at 1/128 
or 
12 
RESET 
Active 
Low 
Reset. 
The 
RESET 
1/256 
depending 
on 
how 
the 
period 
is set 
by the 
time 
constant • 


CLKMODE 
pin 
is set-up. 


of the 
internal 
100K 
pull 
up 
resistor 


6 
DGND 
Digital 
Ground. 
and 
an external 
capacitor. 
After 


7 
SCLK 
Serial 
Data 
Transmit 
Clock. 
the 
RESET period 
the 
converter 


The 
serial 
data 
will 
always 
be 
will 
be 
ready 
for 
accepting 


transmitted 
at the 
frequency 
of 
requests 
or 
will 
automatically 
start 


the 
clock 
present 
at this 
pin. 
The 
conversionsltransm 
issions 
based 


SCLK 
pin 
can 
be 
programmed 
as 
upon 
the 
mode. 


an 
input 
or 
an 
output 
by 
using 
13 
CCLKMODE 
Clock 
mode 
pin. 
When 
the 
INSCLK 
pin 
(pin 
5). When 
the 
CLKMODE 
pin 
= 1, the 
internal 
SCLK 
is used 
as an output 
pin. 
The 
converter 
clock 
= CCLK. 
When 
data 
rate 
will 
be the 
internal 
CLKMODE 
pin 
is tied 
low, 
the 


converter 
clock 
divided 
by 
128. 
internal 
converter 
clock 
= CCLK/2. 


When 
CLKMODE 
= 1, SCLK = 


14 
CCLK 
Clock 
Input. 
Internal 
clock 
can 
be 
CCLK/128. 
When 
CLKMODE 
= 0, 


SCLK = CCLK/256 
generated 
by tying 
a crystal 
from 


8 
DO 
Data 
Out. 
Digital 
output 
which 


this 
pin 
to 
DGND 
or 
applying 
a 


contains 
result 
of AID 
conversion. 
clock 
directly 
to 
the 
pin. 


The 
serial 
data 
is clocked 
out 
on 
15 
Vcc 
Positive 
Supply. 
+5V ± 5% 


falling 
edges 
of 
SCLK. 
decouple 
to 
AGND. 


16 
AGND 
Analog 
Ground 
0 Volts. 
Common 
mode 
reference 
point 
of the 


internal 
differential 
circuitry. 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


Supply 
Voltage 
(Vcd 
.00000... 0......•.. 
o. 000•...•.. 
00o. 
6.0V 


Negative 
Supply 
Voltage 
(Vss) 
. 00000000000000000000" o. 
-6.0V 


Voltage 
at Analog 
Inputs 
... 0000000000000000000000o. 0000 Vss - 7V to Vcc 
+ 7V 


Voltage 
at VREF .. 00000 
000o. 0 
Vss - 7V to Vcc 
+ 7V 
Input 
Current 
per Digital 
Pin 
00000000000000000 
±10mA 


Input 
Current 
at Analog 
Inputs 
0" 000.000000000 
±20mA 


Storage Temperature 
Range .... 
0000. 0.... 
000 -6SoC to +1S0°C 


Package Dissipation 
at 2SoC (Board Mount) 
00 
0 875mW 
Lead Temperature 
(soldering 
10 seconds) 


Dual-in-Line 
Package (Molded) 
. 0. 0. 00... 00000000. . .. 
260°C 


Dual-in-Line 
Package (Ceramic) 
0000000000000000. . . .. 
300°C 


OPERATING 
CONDITIONS 


(Note 2) 


Temperature 
Range 
00000000000 
000 TMIN :s TA :s TMAX 


ML2223Blj, 
ML2223C1J 
.. 00...•. 
00. 00. 000000 -4Q°C to +85°C 


ML2223BCp, ML2223CCP 
0000000.•... 
o. 0000000 O°C to +70°C 


Supply 
Voltage 
(Vcd 
o. 000000......•. 
o. 0000 4.5Voc 
to 6.0VDC 


Negative 
Supply 
Voltage 
(Vss) 
000.. 000.0. 
-4.5Voc 
to -600Voc 


Reference 
Voltage 
(VREF) 00000000...• 
0 
000000 Vcc 


'Micro 
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I he tOllowlng 
speCltlcatlons 
apply 
tor 
Vcc 
= +5V ± 5%, Vss = -5V ± 5%, VREF = +4.75V, 
VIN- 
= AGND, 


VIN+ = -4.75V 
to 
+4.75V, TA = TMIN to TMAX unless 
otherwise 
specified. 


linearity 
Error 


M12223BXX 
4 
fcclK 
= 0.1 :s SMHz 
±3J4 
±3J4 
lSB 


M12223CXX 
±1 
±1 
lSB 


Unadjusted 
Zero 
Error 


Ml2223BXX 
4 
±3J4 
±3J4 
lSB 


Ml2223CXX 
±2 
±2 
lSB 


Unadjusted 
Positive 
and Negative 
4 
±5 
±4 
lSB 


Full-Scale 
Error 


Zero 
Error Temperature 
Coefficient 
0.5 
0.5 
ppmFSI 
°C 


Gain Temperature 
Coefficient 
10 
10 
ppmFSI 
°C 


Common 
Mode 
Rejection 
5,6 
80 
80 
dB 


Analog 
Input 
Source 
Resistance 
4 
2 
2 
kO 


Analog 
Input 
Range 
4 
V1N+ Referred 
to V1N- 
-VREF 
+VREF 
-VREF 
+VREF 
V 


Analog 
Input 
leakage 
Current 
4 
100 
100 
nA 


Voltage 
Reference 
Input 
Source 
4 
0.5 
0.5 
kO 


Impedance 


Reference 
Input 
leakage 
Current 
4 
100 
100 
nA 


Power 
Supply 
Current 


ICG Vcc 
4 
30 
50 
30 
50 
mA 


ISs. Vss 
18 
30 
18 
30 
mA 


Power 
Supply 
Rejection 
7 
Vcc 
DC 
80 
80 
dB 


DC to 25kHz 
50 
50 
dB 


Vss 
DC 
80 
80 
dB 


DC to 25kHz 
50 
50 
dB 


VllCllV 
Clock 
Input 
low 
Voltage 
4 
0.8 
0.8 
V 


V1HClIV Clock 
Input 
High Voltage 
4 
3.5 
Vcc 
3.5 
Vcc 
V 


Ill' 
Input 
leakage 
Current 
(CClK) 
4 
DGND :s V1N:s Vcc 
±200 
±200 
pA 


Vill 
Input 
low 
Voltage 
4 
0.8 
0.8 
V 


V1H, Input 
High 
Voltage 
4 
2.0 
Vcc 
2.0 
Vcc 
V 


Vall 
Output 
low 
Voltage 
4 
1m= 2.0mA 
0.45 
0.45 
V 


VOH, Output 
High 
Voltage 
4 
10H = -4OOpA 
2.4 
2.4 
V 


III Input 
leakage 
Current 
4 
DGND :s V1N:s Vcc 
±10 
±10 
pA 
(except 
ClK) 


IH1_z,Output 
leakage 
Current 
4 
CS ~ V1H 
±10 
±10 
pA 


C1, Input 
Capacitance 
5 
10 
10 
pF 


(all digital 
inputs) 


Co, Output 
Capacitance 
5 
10 
10 
pF 
(all digital 
outputs) 
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tc 
Conversion 
Time 
4,9 
fCCLK= 5MHz (CCLKMODE 
= "0") 
45.6 
J1S 


fCClKO 
Clock Frequency 
5,9 
Crystal (CCLKMODE = "0") 
.3 
5 
MHz 


Driven (CCLKMODE = "0") 
.1 
5 
MHz 


fCClKO 
Clock Width 
5,9 
Driven (CCLKMODE = "0") I High 
50 
ns 


I Low 
50 
ns 


fCClKl 
Clock Frequency 
5 
Driven (CCLKMODE = "1") 
.05 
2.5 
MHz 


fCClKl 
Clock Width 
5 
Driven (CCLKMODE = "1") I High 
150 
ns 
I Low 
150 
ns 


tSClK,DO 
Serial Clock Low to DO Valid/Hold 
4 
190 
ns 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 


O·Cto +70·C and -40·C to +8S·Coperating temperature range devices are 100%tested with temperature limits guaranteed by 100% 


testing, 
sampling, 
or by correlation 
with 
worst-case 
test conditions. 


Typicals 
are 
parametric 
norm 
at 25°C. 


Parameterguaranteed and 100%production tested. 
Parameter guaranteed. Parametersnot 100%tested are not in outgoing quality level calculation. 


Common 
mode 
rejection 
is the 
ratio 
of the 
change 
in zero 
error 
to the 
change 
in common 
mode 
input 
range. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from 0.8V to 2.0\1, Cl = SOpE 
Maximum frequency is 1/tClKl (high) + tClKl (low) + rise + fall times, which must be oS 2.5 MHz. 
• 


Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 


_J_-J1f?x_- 
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DATA 
OUTPUT 
VCC 


OUTPUT~ 
ENABLE 


Cl 
10k 
T ~ 
OUTPUT 


VCC 


OUTPUT 
VCC 
90°,., 


50°.•• 


~ 


ENABLE 
GNO_lOoo- 


DATA 
- IOH~ 
OUTPUT 


Cl-:r 


VCC 


OUTPUT 


VOl 
VOL+l00mV 
IHO,I- 
\:;00"--- 


Micro Linear's algorithmic converter uses a successive 
approximation 
technique. Most of today's successive 


approximation 
converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic 
converters. In addition 


the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming 
is used. An algorithmic 
converter uses less 


circuitry and is more easily trimmed. Micro Linear's 
algorithmic 
converter is implemented 
using a 2x 


amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 2. 


The input sample is first multiplied 
by two then 


compared to the reference voltage. If the 2x input 
voltage is greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 


reference, the MSB is a 0 and the 2x input voltage is 
stored in the sample and hold. This process repeats 
again, however now the sample and hold voltage is 
multiplied 
by 2. 


The algorithm involves multiplication 
by 2, comparison, 


and possibly subtraction. Referring to Figure 2, the 
algorithm for the circuit can be described as follows: 


Step 1 
If (2 x VIN) - VREF2': 0 
then MSB = 1 
(2 x VIN) - VREF-S/H 
else MSB = 0 
(2 x V1N)-S/H 


Step 2 
If (2 x S/H) - VREF2': 0 
then next bit = 1 


(2 x S/H) - VREF-S/H 
else next bit = 0 


(2 x S/H)-S/H 


Repeat Step 2 until conversion complete. 


"Micro 
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Since the AID converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 


1.1.1 Self Calibration 


In order to maintain integral and differential linearity in 
an algorithmic 
converter, two critical parameters need 


to be controlled, 
loop offsets and the gain of the loop. 


Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampling amplifier and the 2x amplifier. The gain of the 
loop is adjusted using self calibration. 


Self calibrating the algorithmic converter, once the 
offsets have been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (VREFIVREF), and 
examining the output code. Converting VREF should 
yield plus full scale, since VREFIVREF should equal 1. If 
the gain of the loop is slightly less than 2, the resulting 
LSBof the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "1s'; the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LSB is reached. 


Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
the 2C input capacitors. A small value of capacitance is 
either added to or subtracted from the 2C input caps 
until the gain of the loop is within 13-bit accuracy. 


The self calibration and trimming 
is performed in the 


factory at wafer sort. This procedure is not available as 
a finished product. 


1.1.2 ConversionTimes 


The following table lists the conversion times which 
include the sample and hold acquisition time. 


OPERATION MODE 


FREERUN 


INTERNAL CLOCKS' 


113 


1.1.3 Sampleand Hold Timing 


Figure 3 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks.' Six internal clocks 
after the start of conversion the sample and hold is 
switched into the sample mode, placing two 9pF 
capacitors in parallel with the input pins; one on VIN+ 


INTERNAL CLOCK 


OR EXTERNAL CLOCK 


CLKMODE 
= "I" 
I 
I 
t 


STARTOF CONVERSION 


and one on V1N-. 
The sample switch is kept in the 


sample mode for 8 internal clocks (3.2psat a 5MHz 
external clock), then placed in the hold mode. During 
the next 2 internal clocks the charge on the sample and 
hold is transferred into the AID, after which the VREF pin 
is sampled for 8 internal clocks. 
• For a description of internal clocks see Clock section. 


1.2.1 Differential Inputs and Common Mode Rejection 


The differential inputs of the ML2223 eliminate the 
effects of common mode input noise (60Hz for 
example), as VIN+ and V1N- are sampled at the same 
time. 


1:2.2 
Noise 


The leads to the analog inputs should be kept as short 
as possible to mini.mize output 
noise. Noise as well as 


digital clocks can couple into the inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sources. 
• 


1.2.3 
Power Supply Decoupling 


Low inductance tantalum capacitors of 1jlF or greater 
and 0.01jlF disc ceramic capacitors are recommended 
for bypassing Vcc 
as well as Vss to AGND. These 


capacitors should be placed close to the Vcc 
and Vss 


pins. 


The CCLK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loading. (i.e., 
no bypass caps should be used and leads should be 
kept short) 


If driven with external clock and if the CLKMODE pin 
is tied to Vcc, 
the frequency must be between 50KHz 


to 2.5MHz with the requirement that clock LOW (tCCLKLl 
ard clock HIGH (tC:CLKH)durations must be more than 
150ns. If the CCLKMODE pin is tied to ground then the 
frequency can be from 100KHz to 5.0MHz. 


For crystal operation with the divide by two flip flop 
bypassed, and there is a 40 to 60% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.5MHz to insure that the minimum 
clock high and low 


times are greater than 150 nsee. 


I 
• 
I 


I 
I 


!----SAMPLING 
INPUT ---I' 
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Power ~~ppiies must be stable t~-~ithi~-; 
±S-o/;···· 


tolerance before the reset condition 
is removed. 


The active low hardware reset can be performed 
by a 


capacitor value (usually >6t-tF) tied to the RESETpin or 
by driving it with the system reset signal. 


1.5 
SCLK 


The SCLK is used to clock out the data to the 
transmission line via the DOUT pin. The SCLK can be 
supplied either externally or internally through 
the use 


of the INSCLK pin. Maximum SCLK frequency is 625kHz. 


In applications where the internal SCLK is used, the 
SCLK is generated by dividing the internal clock by 128. 
For example, when 2.4576MHz crystal is used to 
generate CCLK, this will result in a 19.2Kbps data 
transmission rate (CLKMODE = 1). In the case where 
CLKMODE = 0, then the transmission rate will be 
9.6Kbps. 


1.6 
CONVERTEROPERATION 


There are two basic types of operation. By programming 
the CURR pin to "1," the device will be operating 
in the 


The ML2223 performs continuous 
conversion. The 
conversion takes 110 clock periods and an additional 
13 


clock periods are required for the device to shift out 
the data. In the Current Data Mode, the data are 
transmitted after the conversion 
is completed. 
24-bit 
time of the SCLK (transmit clock) is required to transmit 
the full data frame and an additional 
8-bit time of idle 


is needed before the next conversion begins. A total of 
32-bit time delay of the SCLK is therefore needed 
between conversions (see Figure 4). 


In the Previous Data Mode, the data is transmitted at the 
start of the conversion (see Figure 5). 


The converter data is output in two data byte frame. 
Each frame has one start bit and two stop bits and each 
data byte consists of 8 bits of data and one parity bit. 
The data is transmitted 
LSBfirst (see Figure 6). 


The first data byte transmitted 
is the least significant 
byte with even parity bit and the second byte is the 
most significant byte with odd parity. Thus, the UART 
can identify the lower byte or the upper byte by 
observing the parity error flag in accordance to the 
parity check it has set-up. 
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START 
START 
BIT 
LSB 
BIT 


IDLEI 
-, 
0-1-2-3-4-5 
-6 -7-1 p-IS-TO-p-I 
18 
J 
BIT 
EVENPARITY 


SIGN EXTENDED 


9 
10 1115 
5 
5 
5 I P I 


STOP 
J 
BIT 


000 PARITY 


• 


INSClK 


ClKMOOE 


2.45760 


MHZ~ 


LINEARITY 
TOTAL 
TEMPERATURE 


PART NUMBER 
ERROR 
UNADJUSTED 
ERROR 
RANGE 
PACKAGE 


Ml2223BCP 
±3.4 lSB 
±1Y2 
DoC to +70°C 
MOLDED 
DIP (P16) 
Ml2223BIJ 
-40°C to +85°C 
HERMETIC DIP U16) 
Ml2223CCP 
±1 
lSB 
±2Y2 
DoC to +70°C 
MOLDED 
DIP (P16) 
Ml2223CIJ 
-40°C to +85°C 
HERMETIC DIP U16) 
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PRELIMINARY 


ML2230 
JlPCompatible 
12-Bit Plus Sign AID Converter 


with Sample and Hold 


The ML2230 is a member of Micro Linear's 12-bit plus sign 
CMOS AID converter 
family utilizing a self calibrating 


algorithmic 
technique. 
The sample-and-hold, 
incorpo- 


rated on the ML2230, has a differential 
input for noise 


immunity 
and power supply rejection. All errors of the 


sample-and-hold 
are accounted 
for in the analog-to-digital 


converter's 
accuracy specification. 


The ML2230B has a maximum 
non-linearity 
error over 


temperature 
of 0.018% of full-scale, and the ML2230C 


and ML2230D have a maximum 
non-linearity 
error 
over 


temperature 
of 0.024% of full scale. 


Designed to interface to an 8-bit microprocessor 
bus with- 


out additional 
components, 
the ML2230 outputs the 13-bit 


data result in two 8-bit bytes. Data format is 2's comple- 
ment. All digital signals are fully TTL and CMOS 
compatible. 


For interfacing to a 16-bit microprocessor 
bus the ML2233 


provides a 13-bit data resuIt. 


• 
Resolution 
12-bits + sign 


• 
Conversion 
time 
(including 
S/H acquisition) 
31.5/1-smax 


• 
Sample and hold acquisition 
2.3/1-smax 


• 
Non-linearity 
error 
±3/4L5B and ±lL5B 
max 


• 
Low harmonic 
distortion 
0.01 % 


• 
No missing codes 


• 
Self calibrating-maintains 
accuracy 
over time and 
tem peratu re 


• 
Inputs withstand 
17Vl beyond 
supplies 


• 
Data transfer 
options-interrupt, 
DMA, 
or polling 


• 
Outputs 
data in two 8-bit bytes 


• 
Standard 
24-pin 
DIP 


OVcc DCND 
r 
r 


12-BIT + SIGN AID 
AND 


SAMPLE 
AND 
HOLD 
FUNCTION 


PIN CONNECTIONS 


Ml2230 
24-PIN DIP 


AGND 
24 
AVec 


VIN+ 
23 
elK 


VIN- 
22 
WR 


VREf 
21 
Ro 


Vss 
20 
cs 


DAV 
19 
AO 


SYNC 
18 
A1 


DO 
17 
D7 


D1 
16 
D6 


D2 
15 
DGND 


D3 
14 
D5 


DVcc 
13 
D4 


TOP 
VIEW 
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ML2230 


PIN DESCRIPTION 


DIP 
PCC 
NAME 
FUNCTION 
DIP 
PCC 
NAME 
FUNCTION 


1 
1 
AGND 
Analog ground. 
13 
16 
D4 
Bidirectional 
data bit. 


2 
2 
VIN+ 
Positive differential analog input; 
14 
17 
D5 
Bidirectional 
data bit. 


range-VSS::sVIN+ 
::sAVee, 
15 
18,19 
DGND 
Digital ground. 
!(V1N+)-(V1N -)1 ::sVREF· 
16 
20 
D6 
Bidirectional 
data bit. 


3 
3 
VIN- 
Negative differential 
analog input; 
17 
21 
D7 
Bidirectional 
data bit. 


range=VSS::sVIN- 
::sAVee, 
18 
22 
Al 
Address for the microprocessor 
I(VIN+)-(VIN-)I 
::sVREF· 


4 
4 
VREF 
Voltage reference input; refer- 
interface to access anyone 
of the 


fou r registers. 
enced to analog ground. 
19 
23 
AO 
Add ressfor the microprocessor 
5 
5 
VSS 
Negative power supply; decouple 
interface to access anyone 
of the 
toAGND. 
four registers. 


6 
8 
DAV 
Data available; indicates a con- 
20 
24 
CS 
Chip select; enables writing to or 
version has completed 
and data is 
reading from. 
available or calibration 
complet- 
21 
25 
RD 
Read; enables Ml2230 
to drive 
ed. 
data bus. 
7 
9 
SYNC 
In the slave mode, SYNC is a posi- 
22 
26 
WR 
Write; allows writing into the reg- 
tive edge triggered input used to 
start a conversion. 
In master 
isters. 


mode, SYNC is an output and 
23 
27 
ClK 
Clock input. Drive with an ex- 


indicates a conversion 
has oc- 
ternal clock or crystal referenced • 


curred. 
to DGND. The crystal must be 


8 
10 
DO 
Bidirectional 
data bit. 
parallel resonant with minimum 


9 
11 
Dl 
Bidirectional 
data bit. 
capacitive loading. (i.e., no 
bypass caps should be used and 
10 
13 
D2 
Bidirectional 
data bit. 
leads should be kept short.) 
11 
14 
D3 
Bidirectional 
data bit. 
24 
28 
AVee 
Positive analog power supply. De- 


12 
15 
DVee 
Digital power supply. Tie to AVee 
couple to AGND. Tie to DVee 


from same power supply. 
from same power supply. 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


Supply Voltages (AVcc and DVcc) ... 
Negative Supply Voltage (Vss) 
Voltage at Analog 


Inputs...... 
. .........•.... 
Vss-7VtoAVcc+7V 


Voltage at VREF 
. . . 
. Vss - 7V to AVcc + 7V 
Input Current per Digital Pin 
.. , ± 10mA 
Input Current at Analog Inputs. 
. 
±20mA 


StorageTemperature Range 
,- 
- 65°C to + 150°C 


PackageDissipation @ 25°C. . . . . . . . . . . . . . . 
. ..... 
875mW 


Lead Temperature soldering, 


Dual-in-Line Package(Ceramic) 
300°C 


Temperature Range 
O°Cto 70°C 
Supply Voltage 
(AVcc and DVcc) 
4.5Voc to 6.0Voc 


Negative Supply Voltage 
(Vss) 
-4.5Voc 
to -6.0Voc 


Reference Voltage 
(VREF) 
....•......•................... 
2.60V 


.~ 
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The 
following 
specifications 
apply 
for 
Vcc 
= +5V ± 5%, Vss = -SV ± S%, VREF = +4.7SV, VIW 
= AGND, 


VIN+ = -4.7SV 
to 
+4.7SV, TA = TMIN to 
TMAX unless 
otherwise 
specified. 


Linearity 
Error 


ML2230BXX 
4 
fCCLK= 0.1 :s: 7MHz 
±3,i, 
L5B 
ML2230CXX 
fCCLK= 0.1 :s: 7MHz 
±1 
LSB 


ML2230DXX 
fCCLK= 0.1 :s: 5MHz 
±1 
LSB 


Unadjusted 
Zero 
Error 
Ml2230BXX 
4 
±3/4 
LSB 


ML2230CXX 
±2 
LSB 
Ml2230DXX 
±2 
LSB 


Unadjusted 
Positive 
and Negative 
5 
±4 
LSB 


Full Scale Error 
, 


Zero 
Error Temperature 
Coefficient 
0.5 
ppm/oC 


Gain Temperature 
Coefficient 
10 
ppm/oC 


Common-Mode 
Rejection 
5,6 
. 
80 
dB 


Analog 
Input 
Source 
Resistance 
5 
'.. 
2 
kG 


Analog 
Input 
Range 
4 
V1N+ Refer to V1N- 


l. 
-VREF 
+VREF 
V 


Analog 
Input 
Leakage Current 
4 
100 
nA 


Voltage 
Reference 
Input 
5 
0.5 
kG 
Source 
Impedance 


Reference 
Input 
Leakage Current 
4 
100 
nA 


Power 
Supply 
Current 


Alco 
Analog 
VCC 
4 
30 
50 
mA 
Dlco 
Digital 
VCC 
10 
fJA 


IS$-Vss 
. 
18 
30 
mA 


Power 
Supply 
Rejection 
7 
. 


AVcc 
DC 
80 
dB 


DC to 25kHz 
50 
dB 
Vss 
DC 
80 
dB 


DC to 25kHz 
50 
dB 


VILClIv Clock 
Input 
Low Voltage 
4 
. 


0.8 
V 


V1HClK, Clock 
Input 
High Voltage 
4 
3.5 
AVcc 
V 


IL1, Input 
Leakage Current 
(CLK) 
4 
"'GND :s: V1N :s: AVcc 
±200 
fJA 


Vill 
Input 
Low Voltage 
4 
0.8 
V 


V1H, Input 
High 
Voltage 
4 
2.0 
DVcc 
V 


VOll Output 
Low Voltage 
4 
IOL = 2.0mA 
0.45 
V 


VOH, Output 
High 
Voltage 
4 
IOH = -400fJA 
2.4 
V 


III Input 
Leakage Current 
(except 
CLK) 
4 
AGND :s: V1N:s: AVcc 
±10 
fJA 


IHI_v Output 
Leakage Current 
(DO-D7) 
4 
RD ~ CS ~ V1H 
±10 
fJA 


Cr, 
Input 
Capacitance 
(all digital 
inputs) 
10 
pF 


Co, Output 
Capacitance 
10 
pF 
(outputs 
DO to D7, and DAV) 
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tc 
Conversion 
Time 
4,9 
CLK Mode 
~ 0 
fCLK = ZOMHz 
31.5 
/.lS 


fCLK = 5.0MHz 
44.0 
JiS 


Sample 
and Hold 
Acquisition 
4,9 
CLK Mode 
~ 0 
fCLK= ZOMHz 
2.3 
JiS 


fCLK ~ 5.0MHz 
3.2 
/.lS 


fCLKO 
Clock 
Frequency 
5,9 
Crystal (CLK Mode 
~ 0) 
3 
7 
MHz 


Driven 
(CLK = Mode 
0) 
1 
7 
MHz 


tCLKO 
Clock 
Width 
5,9 
Driven 
High 
50 
ns 
. 
(CLK Mode 
= 0) 
Low 
50 
ns 


fCLK1 
Clock 
Frequency 
5, 10 
Driven 
(CLK Mode 
= 1) 
0.5 
(Note 
11) 
MHz 


tCLKl 
Clock 
Width 
5, 10 
Driven 
High 
125 
ns 


(CLK Mode 
= 1) 
Low 
125 
ns 


tAD 
Address 
Stable to Valid 
Data 
4 
150 
ns 


tAR 
Address 
Stable Before 
Read 
4 
0 
ns 


tRA 
Address 
Hold 
After 
Read 
4 
0 
ns 


tRR 
Read Pulse Width 
5 
150 
ns 


tRD 
Read Access 
4 
150 
ns 


t1z, toz 
Data Read to Hi-Z 
4 
0 
50 
ns 


tRV 
Recovery 
Between 
Two Reads 
5 
250 
ns 


or Writes 


tRDCK 
Read to Clock 
Setup Time 
5, 12 
40 
ns 


tAW 
Address 
Stable Before 
Write 
4 
0 
ns 


tWA 
Address 
Hold 
After 
Write 
4 
0 
ns 


tww 
Write 
Pulse Width 
4 
150 
ns 


tDW 
Data Setup Before 
Write 
Trailing 
Edge 
4 
.. 


100 
ns 


tWD 
Data Hold 
After 
Write 
Trailing 
Edge 
4 
0 
ns 


tWRCK 
Write 
to Clock 
Setup Time 
5, 12 
40 
ns 


tCKDAV 
Clock 
to DAV Assert 
4, 13 
CL ~ 50pF 
120 
220 
ns 


tSVNCCK SYNC Input 
to Clock 
Setup 
5, 12 
40 
ns 


tSYNCN 
SYNC Input 
Width 
5 
(CLK Mode 
= 0) 
6 
1/fcLKO 


(CLK Mode 
= 1) 
3 
1/fCLK1 


tCKSYNC External 
Clock 
to SYNC Output 
Delay 
5,13 
CL = 50pF 
150 
200 
ns 


tSVNCO 
SYNC Output 
Pulse Width 
5,13 
(CLK Mode 
= 0) 
8 
1/fcLKO 
(CLK Mode 
~ 1) 
4 
1/fCLK1 


tWRDAV 
Write 
Reg2 to DAV Rising Edge 
4,14 
CL = 50pF 
170 
ns 


tRDDAV 
Read RegO to DAV Rising Edge 
4, 15 
CL = 50pF 
170 
ns 


t" tf 
Rise and Fall 
All Inputs 
25 
ns 


Absolute 
maximum 
ratings 
are limits 
beyond 
which 
the 
life of the 
integrated 
circuit 
may 
be impaired. 
All voltages 
unless 
otherwise 
specified 
are 
measured 
with 
respect 
to ground. 
Devices 
are 100% tested 
with 
temperature 
limits guaranteed 
by 100% testing, 
sampling 
or by correlation 
with 
worst-case 
test conditions. 


Typicals 
are 
parametric 
norm 
at 25°C. 


Parameter 
guaranteed 
and 
100% 
production 
tested. 
Parameter 
guaranteed. 
Parameters 
not 100% tested 
are 
not in outgoing 
quality 
level 
calculation. 


Common 
mode 
rejection 
is the 
ratio 
of the 
change 
in zero 
error 
to the 
change 
in common 
mode 
input 
range. 


Power 
supply 
rejection 
is the 
ratio 
of the 
change 
in zero 
error 
to the 
change 
in power 
supply 
voltage. 


All parameters measured from 0.8V to 2.0V,C, = 100pF. 
. 


CK1X bit in control 
register' 
o. 


CKl X bit in control 
register· 
1. 


Maximum frequency is l/tcll(J 
(high) + tClK1(low) + rise + fall times and::; 
3.5MHz. 


Setup 
time 
required 
for synchronous 
start of conversion. 
In CLK mode' 
0 (CK1X bit in control register· 
0) start of conversion will occur at specified time; or time plus one fclKO period (see 
~~~ 
-- 


Writing 
a control register bit 0 with a one will acknowledge 
the DAV condition 
and de-assert DAV output. 


In start mode 
- 1, a read 
from 
location 
"0" will 
start the 
next 
conversion 
and 
de·assert 
the 
DAV output. 


Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 
Note 10: 
Note 11: 
Note 12: 
Note 13: 
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ClK,MODE='_J_1 
~\ 


ClK, MODE = 0 
_ 
\~ 
-,I 
\~. 
_ 


DAV 
tleKDAv 
If 


WR 
\ 
rIWRDAV~ 
\_-- 
ClK,MODE='-4-1 


ClK, MODE = 0 
_ 
\~ 
I 
\ 
_ 
"'" 
t"'~ 
{ 


Rfi 
\~~/--q 
__ 
IRDD I~- 


FIRST BYTE 
SECOND BYTE 


DAV IS SETAND ClEARED BYINTERNAL CIRCUITRY. 
NOTE: DMA BIT IN THE c;0NTROl 
REGISTERMUST BESET FOR THIS OPERATION. 
Figure 3. Data Available 


ClK,MODE=' 
J 
C=d C 


ClK, MODE = 0 


SYNC OUT 
::::::: 
{""" 
,,," 
jt,.." 
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SYNC IN 
(STARTMODE 3) 
(M/S=O) 


STARTOF CONVERSION 
(NOTE 3) 
I 


NOTES, 
1. CLK IS THE CLOCK DRIVEN ATTHE CLOCK PIN. 
2. 
IN CLK MODE " Will 
ALWAYSOCCUR ATTO IF SETUP TIMES ARE MET. 


3. IN CLOCK MODE 0, Will 
OCCUR EITHER ATTOOR T1 IF SETUP TIMES ARE MET. 
• 


DATA 


VIN+ 
START 


VIN- 
BUSY 


VREF 
12-BIT 
EOC 


+ SIGN 
AID, 


SAMPLE AND 
CK1X 
AGND 
HOLD 


V" 
DOCAl 


AVec 


ADRDY 


SC 


16 
CAlCODE 
HOLDING 
REGISTER 
_Al,AO 


CS 


WR 


RD 
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ALGORITHMIC 
AID CONVERTER 


Micro Linear's algorithmic 
converter 
uses a successive 
approximation 
technique. 
Most of today's successive 
approximation 
converters use a DAC to feedback the ap- 
proximated 
signal, however this technique 
requires more 
circuitry 
than algorithmic 
converters. 
In addition the val- 
ues of all of the resistors or capacitors in the DAC must be 
matched to within the accuracy of the converter. This is 
difficult 
to do in silicon beyond 10 bits unless trimming 
is 
used. An algorithmic 
converter 
uses less circuitry 
and is 
more easily trimmed. 
Micro Linear's algorithmic 
converter 


is implemented 
using a 2x amplifier, 
a sample/hold 
amp, 


and a comparator 
as shown in Figure 7. 


The input sample is first multiplied 
by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MsB is a 1 and the reference volt- 
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. If the 2x input voltage is 
lessthan the reference, the MsB is a 0 and the 2x input 
voltage is stored in the sample and hold. This process re- 
peats again, however now the sample and hold voltage is 
multiplied 
by 2. 


The algorithm 
involves 
multiplication 
by 2, comparison, 
and possibly subtraction. 
Referring to Figure 6, the 
algorithm 
for the circuit 
can be described 
as follows: 


Step 1 
If (2 x V1N)- VREF:::::0 
then MsB = 1 
(2 x V1N)- VREF-s/H 


else 
MsB = 0 
(2 x V1N)-s/H 


Step 2 
If (2 x s/H) - VREF:::::0 
then next bit = 1 
(2 x s/H) - VREF-s/H 


else 
next bit = 0 
(2 x s/H)-s/H 


Step 3 
Repeat Step 2 until conversion 
complete. 


Since the AID converter 
handles bipolar 
inputs, 
negative inputs are handled 
slightly differently 
using the 
same principle. 


SElF CALIBRATION 
In order to maintain integral and differential 
linearity to 
the 1/2 LsB level in an algorithmic 
converter, 
two critical 
parameters need to be controlled, 
loop offsets and the 
gain of the loop. Loop offsets are automatically 
nulled be- 
fore each conversion 
using auto-zeroing 
circuitry 
on both 


the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 


Self calibrating 
the algorithmic 
converter, 
once the offsets 
have been nulled, is performed 
by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting 
the reference voltage as the input as well as the 


reference (VREFIVREF),and examining the output code. 
Converting 
VREFshould yield plus full scale, since VREFI 


VREFshould equal 1. If the gain of the loop is slightly less 
than 2, the resulting LsB of the conversion 
will be "0". 
If 


the magnitude 
bits of the resulting conversion 
are all "1 s", 


the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LsB is reached. 


Adjustment 
of the 2x gain is done with the binary 
weighted trim capacitor arrays connected 
to each of the 
2C input capacitors. A small value of capacitance 
is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 
13 bit accuracy of 2. 


OJ> Micro Linear 


CONVERSION 
TIMES 


The following 
table lists the conversion 
times which in- 


clude the sample and hold acquisition 
time. For a CALRD 


and CALWR no AID conversion 
actually takes place. 


OPERATION 


8 bit AID 
13 bit AID 
CALWR 
CALRD 


# OF INTERNAL 
CLOCKS' 
80 
110 
52 
80 


SAMPLE AND 
HOLD TIMING 


Figure 8 shows the internal timing for the sample and hold 
circuitry. 
The relationship 
between the "Start of Conver- 


sion" and the input channel going into sample mode is 
fixed at 6 internal clocks', 
regardless of the Start Mode. Six 
internal clocks after the Start of Conversion the Sample 
and Hold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
V,N + and one on V,N -. The sample switch is kept in the 
sample mode for 8 internal clocks (2.3/Lsat a 7MHz ex- 
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred 
into the AID, after which the VREFpin is sam- 


pled for 8 internal clocks. 


Figure 8 also illustrates the timing of the SYNC pin in Mas- 
ter Mode during a conversion 
(M/S-1 
Control 
High Byte 
register) and Start Mode 0, 1, or 2. SYNC is activated one 
internal clock cycle after the Start of Conversion 
and lasts 


forfour 
internal clocks. 


EXTERNAL 


ClOCK 


(ClKMOmO) 


INTERNAL 
ClOCK 


OR (ClK MODE 1) 


I 
I 
I 
t 


STARTOF CONVERSION 


Ml2230 


ANALOG 
IN PUTS 


DIFFERENTIAL INPUTS AND COMMON 
MODE 


REJECTION 
The differential 
inputs of the ML2230 eliminate the effects 
of common 
mode input noise (60Hz for example), as 
V,N + and V1N- are sampled at the same time. 


NOISE 
The leads to the analog inputs should be kept as short as 
possible to minimize 
output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 


POWER SUPPLY DECOUPLING 
Low inductance 
tantalum capacitors of 1/LFor greater 
and O.Ol/LFdisc ceramic capacitors are recommended 
for 


bypassing AVec as well as Vss to AGND. 
These capacitors 
should be placed close to the AVec and Vss pins. • 
There are four 8 bit directly addressable registers; two 
Data Buffer registers, and two Control registers. The data 
buffer registers provide the conversion 
resuIts. The data 


registers are double buffered, allowing 
one result to be 


read while the next sample is being converted. 
The data 


registers also allow access to the algorithmic 
converter's 


calibration 
code. Normally 
the ML2230 is operated with- 
out ever accessing these registers. (Refer to Diagnositcs for 
more information). 
The two Control 
registers provide com- 
plete control 
and status information. 
The fou r registers are 


addressed by pins AO and A 1. 


I 
I 
I 
I 
SAMPLING INPUT----I 


I 
I 
I 


I 
I 
I--- 
SAMPLING REfERENCE----..I 
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All data is returned from the converter 
in sixteen bit two's 


complement 
format, right hand justified, with the sign bit 


extended across the most significant bits. 


Cycle 
13 
8 


-Min 
FOOO 
FF80 


Zero 
0000 
0000 


+Max 
OFFF 
007F 


REGISTER DESCRIPTION 
Register O-Data 
Buffer low 
Byte: 


Register 0 contains the low byte result of the latest conver- 
sion when read. Depending 
on the Start Mode selected, 
reading or writing to this register may start the next 
conversion. 


Register l-Data 
Buffer High Byte: 


Register 1 contains the high byte result of the latest conver- 
sion when read. 


Register 2-CONTROl 
Register low 
Byte: 


Bit 0 (DAV status when READIDAVACK acknowledge 
when a ONE is written): 
Reading DAV = 1 indicates that new data is available or a 
calibration 
is complete. 
If both data bytes have been read, 
DAV will be cleared automatically. 
This bit can be explic- 
itly acknowledged 
by writing a ONE to it; writing a zero 
has no effect. The DAV output 
pin always reflects the 


DAV status bit. 


7 


DATA BUFFER HIGH 
BYTE I 015 
014 
013 
012 
011 
010 
09 
08 I 
01 


CONTROl 
lOW BYTE 


00: 
START 
IF REeo 
IS WRITTEN 


01: START IF REGO!l IS READ 
10: CONTINUOUSCONVERsrONS 


AFTER 
REG 0 IS WRITTEN 
11: 
START 
IF SYNC 
GOES 
HIGH 


SHQRTCYClE 
02 13·BIT, 
1 ""8·811 


CHIP CALIBRATED STATUS 


CONY 
BUSY 
STATUS 


DAV STATUS 


TEST MODE 


0: SLAVE 
MODE, 
SYNC 
ISAN 
INPUT 
(OEFAUln 


1: MASTER 
MODE, 
SYNC 
IS AN 
OUTPUT 


0: feLk ""0 DIVIDED 
BY 2 INTERNAllY 
(DEFAUln 
MAXIMUM 
INPUT 
CLOCK 
FREQUENCY 
IS 8MHz 


1: fClK"" 
1 MAXIMUM 
INPUT 
(tOCK 
FREQUENCY 
154MHz 


Bit 1 (BUSY status when READ/RESETwhen a ONE is 
written): 
Reading BUSY -1 
indicates that a conversion 
or calibra- 


tion is in progress. Writing 
a ONE will force a chip reset. 


Writing 
a zero has no effect. 


RESETDefault 
Conditions: 


Both Control registers will automatically 
be cleared. Both 
Data Buffer registers will be unchanged. 
The Calibration 


register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the DAVB 
output is inactivated 
(high). The SYNC pin is forced to be 


an input as a result of clearing the M/S bit in the Control 
High Byte register. 


Bit 2 (ADRDY status when READ/DOCAl 
request when a 


ONE is written); 
Reading ADRDY =0 indicates that the converter 
has not 


been calibrated 
since the last reset, and ADRDY -'1 in- 


dicates that it has been calibrated 
since the last reset. Writ- 


ing a ONE will force the converter to do a calibration; 
writ- 
ing a zero has no effect. 


Bit 3 (SC: Short cycle select): 
Selects 8 or 13 bit conversions. 


SC-O: 
13-bit conversion 
(default) 


SC-1: 
8-bit conversion 
(short cycle) 


WRITING 
1 REQUEST 
A CALIBRATION 


SHORT CYClE 


START MODES 


6 
5 
4 
3 


11 
I 
0 I DMA I UH Icm I MiS I 
o 
0 I 


LNORMAl 
AID CONVERSION 


0: HIGH BYTE IS READ FIRST THEN lOW 
BYTE 
1: lOW 
BYTE IS READ FIRST THEN HIGH BYTE 


0: NON 
DMA MODE. 
REGOO HAS lOW 
BYTE, REGOl HAS HIGH BYTE (DEFAULT) 


1: DMA MODE. 
READ REGOOTWICE TO GET BOTH BYTES 


.~ 
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Note: For 8-bit conversions 
in non-DMA 
mode, only one 
byte needs to be read. This can be accomplished 
by set- 
ting LlH =0, DMA -0 and reading the Data Low Byte 
register. In DMA mode both bytes need to be read. 


Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion 
mode. 


Bits 5,4 
00 
Start Conversion 
upon writing to register 0 


(default) 
01 
Start Conversion 
upon reading register 0 if 


LlH = 0, or Start Conversion 
upon reading reg- 


ister 1 if LlH -1. 
In DMA mode both bytes 
need to be read. The second byte read will 
Start Conversion. 
10 
Start Continuous 
Conversions upon writing to 
register O. 
11 
Start on external SYNC input going high (Re- 
quires Slave mode: M/S =0) 


Bits 7,6 (reserved): 
These bits are reserved by Micro Linear and must be writ- 
ten as zero. 


Register 3 (Control Register High Byte): 


Bits 2,1,0 (TMDE: test mode select bits) 


These bits are used for diagnostic purposes only and nor- 
mally not accessed during operation. 
The default value of 
TMDE is 000 which selects a normal AID conversion. 
See 
Diagnostics for more information. 


TMDE 
Description 


000 
Normal A/D Conversion 


001 
Reserved by Micro Linear (Do Not Use) 


OlD 
CALWR Operation 


011 
CALRD Operation 


100 
System Offset 
lD1 
Common-mode 


llD 
Plus Full Scale 
111 
Minus Full Scale 


Bit 3 (M/S: Master/Slave bit): 


Dictates whether the SYNC pin is an input or an output. 
Upon RESET,this bit is cleared. 


M/S -0: 
Slave Mode 
SYNC is an input which is used 
to trigger a conversion 
if 
SMDE-11. 


M/S - 1: Master Mode 
SYNC is an output. At the begi n- 
ning of every conversion, 
SYNC 
is high for 4 internal clocks. 


Bit 4 (CK1X: clock select bit): 


Selects whether the external clock will be divided 
by two 


or used directly as the internal clock. See Clock section for 
a detailed explanation. 


the external clock is divided by 
two and used asthe internal 
clock. This is referred to as CLK 
Mode-O. 


CK1X = 1: .. 
the external clock input is used 
directly as the internal clock. 
This is referred to as CLK 
Mode=l. 


Bit 5 (L/H: Low Byte/High 
Byte): 


In non-DMA 
mode the LlH bit defines whether 
DAVB is 


deactivated 
by reading the Data Low Byte or Data High 
Byte. In DMA mode, the LlH bit defines the order in which 
the Low/High 
Data Bytes are presented to the data bus. 


DMA mode automatically 
deactivates DAVB after both 


bytes are read. 
. 


*non-DMA 
mode: DMA-O 


LlH - 0: 
reading register 0 (Low Byte) 
will de-assert DAVB 


LlH = 1: 
reading register 1 (High Byte) 
will de-assert DAVB 


*DMA 
mode: DMA= 
1 


LlH = 0: 
the fi rst read is the Data High 
Byte, and the second read is the 
Data Low Byte, then DAVB out- 
put is de-asserted 


LlH = 1: 
the first read is the Data Low 
Byte, and the second read is the 
Data High Byte, then DAVB out- 
put is de-asserted 


Bit 6 (DMA: DMA mode bit): 


This bit allows both high and low bytes from the 13 bit 
conversion 
to be read from one address; either Data Buffer 


Low Byte or Data Buffer High Byte registers. 


DMA = 0: 
The high byte of the conversion 
will always be read from the 
Data Buffer High Byte register 
and the low byte of the conver- 
sion will always be read from 
the Data Buffer Low Byte 
Register. 


DMA = 1: 
Both high and low bytes of the 
conversion 
can be read from ei- 
therthe 
Data Buffer High or 


Low Byte Registers. A DMA 
controller, 
microprocessor, 
or 
other I/O device can use a sin- 
gle I/O address to read both the 
low and high bytes of the con- 
version. The order in which the 
high and low data bytes are pre- 
sented is defined by the LlH 
control 
bit. 


Note: This feature is not restricted to DMA controllers. 
It is 


an I/O option which may be used by a DMA controller, 
microprocessor, 
or any other type of I/O device. 


Bit 7 (Reserved by Micro Linear) 


This bit is not used. When written 
use zero. 
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GENERAL OPERATING INFORMATION 


CONVERSION-START 
PROTOCOL 


There are four different ways to start a conversion. 
They 


are defined by SMDE bits 4 and 5 in the Control Low Byte 
Register. 


SMDE 
Bits 5,4 


00: 
A write to register 0 will start a conversion. 
During 


a conversion, 
if another write is issued to register 


0, the "Start Conversion" 
command will be 
latched and another conversion will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in- 
ternal clocks after the first write. Only one addi- 
tional write will be latched; multiple writes within 
a conversion 
will only yield one more conversion. 


01: 
Reading the data from the previous conversion' 
starts the next conversion. 
Start Conversion 
upon 


reading register 0 if LlH ~ 0, or Start Conversion 
upon reading register 1 if LlH -1. 
In DMA mode 


both bytes need to be read. The second byte read 
will Start the Conversion. 


10: 
This mode causes continuous 
conversions; the 
next conversion 
begins immediately 
after the 


previous conversion 
ends. Writing to register 0 


will start the first conversion; 
thereafter the con- 


verter runs continuously. 
This mode yields the 
maximum 
conversion 
rate. 


11: 
The Sync input triggers the start of a conversion. 
The MiS bit in the Control 
High Byte Register must 


be cleared, placing the chip in the slave mode. 


Note: The external activation 
signals for Start Modes 0, 1, 


and 3 are synchronized 
internally to the system clock. If 


periodic samp~ 
is required using these Start Modes, the 


SYNC, RD, or WR pulses must be synchronized 
to the sys- 
tem clock. Start Mode 2 guarantees periodic sampling. 


DOUBLE-BUFFERED 
DATA REGISTER 
The AID conversion 
result is double-buffered 
using the 


Data Buffer registers and the AID Data register. The actual 
End-Of-Conversion 
(EOC) does not correspond 
with the 


DAVB output going low. The DAVB output goes low 16 in- 
ternal clocks after the EOC. From the time DAVB output 
goes LOW, the user has one full conversion 
time (80 or 


110 internal clocks) minus 16 internal clocks to read two 
data bytes as shown in Figure 10. 


SElF CALIBRATION 
Setting the DOCAL bit issues a calibration 
request to the 
chip. When calibration 
is done, the DAV status bit is set 
and the DAVB output goes low. 


A calibration 
requires 8,260 internal clocks. Using a 7MHz 


clock (CLK Mode-O), 
this is approximately 
2 ms. Power 


supplies and external voltage reference must be 
stable before issuing a request for calibration. 


The ML2230 should be calibrated 
before any conversions 
are attempted. 
Calibrations 
must not be performed 
si- 
multaneously 
with conversions. 
Before requesting a cali- 
bration, the user may want to read the Busy status bit to 
make sure that the converter 
is idle. Polling the chip while 


the calibration 
is in progress is not recommended. 
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CLOCK 
The Ml2230 
has the option of dividing the clock at the 


ClK pin by 2, or using it directly to drive the internal logic. 
This option is selected through the CK1X bit in the Control 
register. When CK1X ~ 0 the clock is divided 
by 2. This is 


referred to as ClK Mode - O. The clock at the ClK pin is re- 
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CK1X = 1, the clock 
at the ClK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as ClK Mode = 1. All internally clocked logic is 
positive edge triggered. 


CLKMode=O: 
There are two advantages to ClK Mode O.This is the only 
Mode that allows an external crystal to be used. ClK Mode 
1 cannot operate with an external crystal, the ClK pin 
must be driven. The second advantage of ClK Mode 0 is 
that the duty cycle for a driven clock is less stringent than 
in ClK Mode 1. (Refer to tCLKOand tClKl in AC Electrical 
Characteristics 
for ClK Mode 0 and 1 timing requirements, 
respectively.) 


On power up the state of the divide by two flip-flop 
is in- 
determinate. 
Therefore the relationship 
between the in- 


ternal clock and the external clock at the ClK pin can have 
one of two possibilities as shown in Figure 11. As a result 
the following 
should be considered. 


EXTERNAL 


CLOCK 


(CLK 
MODE 
= 01 


tWRCK,tROCK,and tSYNCCKspecs, (RD, WR, and SYNC set- 
up times to Start of Conversion), 
will be as shown in the 


data sheet, or the data sheet specs plus one external clock 
period. Since these specifications 
are with respect to the 
risi ng edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer- 
tainty of one external clock period. 


If periodic sampling is necessary and Start Mode 0,1, or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous 
to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external clock peri- 
ods, half the pulses would correspond 
with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the ClK mode. 
• 


CLK Mode = 1: 
This mode eliminates the requirement 
that external start 
pulses must be an even number of external clock periods. 
However 
periodic sampling still requires that the start 
pulse be synchronous 
to the external clock, and the setup 
time must be met. ClK Mode 1 also eliminates the un- 
certainty of the tWRCK,tROCK,and tSYNCCKrequirements. 
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DIAGNOSTICS 
Diagnostic routines may be run after power up or any 
other time to ensure proper operation. 
The diagnostic fea- 


tures, which are software selectable, don't require ex- 
ternal hardware. 
Both the analog and digital sections can 
be tested. 


The ML2230 is placed in the diagnostic mode via the 
TMDE field in the Control 
High Byte Register. Once the 
ML2230 is placed in one of the diagnostic modes, a con- 
version must be executed before the results can be read. 
As with all conversions, 
DAVB will be activated upon 


completion. 


ANALOG 
CONVERSION 
DIAGNOSTICS 


TMDE ~ 000: Normal Operation 
Selects normal AID conversion. 
Default condition 
after a 
software reset. 


TMDE ~ 001: Reserved by Micro Linear. 


TMDE~OlO: 
CALWR operation 


The data in Write register 0 and 1 (CALCODE Holding 
Register), are transferred into the converter's 
Calibration 


register when a "Start Conversion" 
is issued. A dummy 


conversion 
occurs and the DAVB output goes LOW to in- 
dicate that the operation 
is complete. 


TMDE=Oll: 
CALRD operation 


The contents of the Calibration 
register are transferred 


through the AID Data register and loaded into the Data 
Buffer registers. A dummy 8-bit conversion 
occurs and 
DAVB output goes LOW to indicate that the CALRD 
operation 
is complete. 


TMDE -1 00: System Offset 
The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the ND converter 
and Samplel 


Hold combination. 
The VIN+ and VIN - pins will remain 


in a high impedance 
state while in this mode. 


TMDE = 101: Common-mode 
Both the positive and negative inputs ofthe Sample and 
Hold are tied to VREF.The results of a conversion 
in this 


test mode indicates how well the converter 
is rejecting a 


common 
mode signal. 


TMDE-llO: 
Positive Full Scale 


This test mode connects the positive input of the Sample 
and Hold to VREFand the negative input of the Sample and 
Hold to analog ground. The result of converting 
in this test 


mode is a value near positive full scale. 


TMDE = 111: Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to VREF. 
The result of converting 
in this test mode is a value near 
negative full scale. 


DIGITAllOOPBACK 
The ML2230's architecture 
provides a way for the micro- 


processor to indirectly 
read and write to the AID 
converter's 
calibration 
register and data register via a 


CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digitalloopback. 


r--------------------~------------, 
I 
REGISTERS 
I 
AID CONVERTER 
I 


Al 
AO 
WR 
R5 
I 
I 
I 
I 
I 
I 


I 
I 


I 
I 


I 
0 I 
I 
I 
I 
0 I 


I 
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AO 
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R5 
I 


I 
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I 


I 
I 
I 
I 
7 
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I 
I 
I 
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0 
1 
0 
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I 
I 
L 
L 
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When the TMDE bits are set to 010 CAL WRITE (CALWRj, 
and a Start Conversion 
is issued in anyone 
of the four 
modes, the contents of the CALCODE Holding 
Low Byte 


and High Byte registers are transferred into the AID con- 
verter's Calibration 
register. When the TMDE bits are set to 
011 CAL READ (CALRDj, and a Start Conversion 
is issued, 


the contents of the Calibration 
register are transferred 


through the AID's Data register into the Data Buffer Low 
Byte and Data Buffer High Byte registers. The result of 
these two operations 
is a complete 
loopback from the 


CALCODE Holding 
registers through the AID converter 


and back into the Data buffer registers. This loopback 
pro- 


vides user assurance that all the paths are clear and there 
are no stuck bits. 


Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration 
value must be re- 


stored before the converter 
is used to convert data. 


CALIBRATION 
PASS/FAil 
TEST 


The CALRD can be used as a way to verify a successful 
calibration. 
After a calibration 
is completed, 
the CALRD 
may be issued in order to read the contents of the Calibra- 
tion register. If the Low Byte of the data buffer register is all 
ones after executing a CALRD, the calibration 
failed; 
otherwise the calibration 
is successful. 
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DO_D7di>1 
~ 
DO-D7 


+sv 


~ 


~ 


Vss 
_-SV 


VREF+ 
+ 2.5V EXTERNAL 


AGND 
REFERENCE 


DGND 


RD 


WR 
8048 


VIN + <llt---j ANALOG 


VaN _ +--- 
INPUT 


SYNC 
CLK 


+SV 
Al,AO 


~ 
DO-D7 < 


DVCC 


~-5V 
R!W 


VREF + 
2.5V 


02 
_EXTERNAL 
REFERENCE 
VMA 


AGND 


IRQ 
DGND 


6800 
ML2230 
":" 


FROM SYSTEM { 
HARDWARE 
--. 
SYNC 
CLOCKS OR 
TIMERS 


VIN + "'--j 
ANALOG 
INPUT 
VIN - 
......-- 


ClK 
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LINEARITY 
MINIMUM 
TEMPERATURE 


PART NUMBER 
ERROR 
CONVERSION 
RANGE 
PACKAGE 


ML2230BCj 
±3/4 LSB 
31.5J.1S 
O°C to +70°C 
Hermetic 
DIP (J24) 


ML2230CCj 
±1 LSB 
31.5J.1S 
O°C to +70°C 
Hermetic 
DIP (J24) 


ML2230DCj 
±1 LSB 
44.0J.lS 
O°C to +70°C 
Hermetic 
DIP (j24) 
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Ml2233 


IlP Compatible 
12-Bit Plus Sign AID Converter 


with Sample and Hold 


The ML2233 is a member of Micro Linear's 12-bit plus sign 
CMOS AID converter family utilizing a self calibrating 
algorithmic 
technique. 
The sample-and-hold, 
incorpo- 


rated on the ML2233, has a differential 
input for noise 


immunity 
and power supply rejection. All errors of the 


sample-and-hold 
are accounted 
for in the analog-to-digital 


converter's 
accuracy specification. 


The ML2233B has a maximum 
non-linearity 
error over 


temperature 
of 0.018% of full-scale, and the ML2233C 


and ML2233D have a maximum 
non-linearity 
error over 


temperature 
of 0.024% of full scale. 


Designed to interface to a 16-bit microprocessor 
bus with- 


out additional 
components, 
the ML2233 outputs the 13-bit 


data result in one word. Data format is 2's complement. 
All digital signals are fully TIL and CMOS compatible. 


For interfacing to an 8-bit microprocessor 
bus the ML2230 


provides a 13-bit data result in two 8-bit bytes. 


• 
Resolution 
12-bits + sign 


• 
Conversion 
time 
(including 
S/H acquisition) 
31.5p.s max 


• 
Sample and hold acquisition 
2.3p.s max 


• 
Non-linearity 
error 
±3ALSB and 
±1 LSB max 


• 
Low harmonic 
distortion 
0.01 % 


• 
No missing codes 


• 
Self calibrating-maintains 
accuracy 
over time and 
temperature 


• 
Inputs withstand 
17Vl beyond 
supplies 


• 
Data transfer 
options-interrupt, 
DMA, 
or polling 


• 
13-bit resu It for 16-bit bus interface 


• 
Standard 
28-pin 
DIP 


PIN CONNEOIONS 


ML2233 
28-PIN DIP 


DO 


01 
ACND 
28 
AVec 
02 


OJ 
VIN+ 
27 
CtK 


04 
VIN- 
26 
WR 
05 
25 
RD 
D6 
VREf 


07 
Vss 
24 
cs 


DB 
llAV 
23 
AO 
09 


010 
SYNC 
22 
012 


011 
DO 
21 
011 
012 
01 
2. 
DCND 


02 
19 
010 


AO 
OJ 
18 
D9 


cs 
04 
17 
08 
WR 
05 
16 
07 
RD 
o;w 
06 
15 
aVec 


CLK 
TOPVIEW 
SYNC 


DVec DGND 
r 
r 


12-811 
+ SIGN 
AID 
AND 


SAMPLE AND 
HOLD 
FUNCTION 
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PIN DESCRIPTION 


PIN NO. 
NAME 
FUNCTION 
PIN NO. 
NAME 
FUNCTION 


1 
AGND 
Analog ground. 
16 
D7 
Bidirectional 
data bit. 


2 
V1N+ 
Positive differential analog input; 
17 
D8 
Bidirectional 
data bit. 
range~VSS:5VIN+ 
:5AVcc, 
18 
D9 
Bidirectional 
data bit. 


I(V1N+) - (V1N-)1 :5YREF· 
19 
D10 
Bidirectional 
data bit. 


3 
YIN- 
Negative differential 
analog input; 
20 
DGND 
Digital ground. 


range~VSS:5YIN- 
:5AYcc, 
21 
Dll 
Bidirectional 
data bit. 
I(VIN +) - (YIN-)I 
:5VREF· 
22 
D12 
Bidirectional 
data bit. 
4 
VREF 
Voltage reference input; referenced 
to analog ground. 
23 
AO 
Address for the microprocessor 
inter- 


S 
Yss 
Negative power supply; decouple to 
face to access registers. 


AGND. 
24 
CS 
Chip select; enables writing to or 


6 
DAY 
Data available; indicates a conver- 
reading from. 


sion has completed 
and data is avail- 
25 
RD 
Read; enables Ml2233 
to drive data 


able or calibration 
completed. 
bus. 


7 
SYNC 
In the slave mode, SYNC is a positive 
26 
WR 
Write; allows writing into the 


edge triggered input used to start 
registers. 


aconversion. 
In master mode, SYNC 
27 
ClK 
Clock input. Driven ~ith an exter- 
is an output and indicates conversion 
nal clock or crystal referenced to 


start. 
DGND. The crystal must be parallel • 


8 
DO 
Bidirectional 
data bit. 
resonant with minimum 
capacitive 


9 
D1 
Bidirectional 
data bit. 
loading. (i.e., no bypass caps should 


10 
D2 
Bidirectional 
data bit. 
be used and leads should be kept 
short.) 


11 
D3 
Bidirectional 
data bit. 
28 
AYcc 
Positive analog power supply. 
12 
D4 
Bidirectional 
data bit. 
Decouple 
to AGND. Tie to 
13 
Ds 
Bidirectional 
data bit. 
DVcc from same 


14 
D6 
Bidirectional 
data bit. 
power 
supply. 


15 
DYcc 
Digital power supply. 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


Supply Voltages (AVcc and DVcd 
..............•...... 
6.DV 


Negative 
Supply Voltage 
(Vss) 
. . . . . . . . . . . 
. . - 6.DV 


Voltage 
at Analog 
Inputs 
. 


Voltage 
at VREF 
. 


Input Current 
per Digital 
Pin 


Input Current 
at Analog 
Inputs 
. 
Storage Temperature 
Range 
. 
Package Dissipation 
@ 25°C 
. 
lead Temperature 
(soldering, 
1D seconds) 
Dual-In-lme 
Package (Ceramic) 
.............•.... 
300°C 


. .... 
Vss-7VtoAVcc+7V 
.. Vss-7VtoAVcc+7V 


.... 
±lOmA 


. .... 
±20mA 


. .. -65°Cto 
+150°C 


..875mW 


Temperature 
Range 
. 
O°C to 70°C 


Supply 
Voltage 
(AVcc and DVcd 
4.5Voc 
to 6.0Voc 


Negative 
Supply 
Voltage 
(Vss) 
. 
-4.5Voc 
to -6.0Voc 


Reference 
Voltage 
(VREF)..........•.................... 
2.60V 
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ELEGRICAL 
CHARAGERISTICS 


The following 
specifications 
apply for AVec = DVcc 
= 5V ± 5%, Vss = -5V ± 5%, VR~F= 2.500V, VIN- = AGND, 
V1N+ = -2.5V to +2.5V, TA = TMIN to TMAX unless otherwise 
specified. 
' 


PARAMETER 


Converter 
Characteristics 


linearity 
Error 
Ml2233BCJ 
4 
fCClK = 0.1 ::; 7MHz 
±34 
lSB 
Ml2233CCj 
fCClK = 0.1 ::; 7MHz 
±1 
lSB 
Ml22330Cj 
fCClK = 0.1 ::; 5MHz 
±1 
lSB 


Unadjusted 
Zero 
Error 
. 


Ml2233BCj 
, 
4 
±3J4 
lSB 
Ml2233CCJ 
±2 
lSB 
M122330CJ 
±2 
LSB 


Unadjusted 
Positive 
and Negative 
5 
±4 
LSB 
Full Scale Error 


Zero 
Error Temperature 
Coefficient 
0.5 
ppm/oC 


Gain Temperature 
Coefficient 
10 
ppm/oC 


Common-Mode 
Rejection 
5,6 
. 
80 
dB 


Analog 
Input 
Source 
Resistance 
5 
2 
kO 


Analog 
Input 
Range 
4 
V1N+ Referred 
to V1N- 
-VREF 
+VREF 
V 


Analog 
Input 
leakage 
Current 
4 
100 
nA 


Voltage 
Reference 
Input 
5 
0.5 
kO 
Source 
Impedance 


Reference 
Input 
leakage 
Current 
4 
100 
nA 


Power 
Supply 
Current 


Alco 
Analog 
VCC 
4 
30 
50 
mA 
Olco 
Digital 
VCC 
10 
/lA 
'ss. Vss 
18 
30 
mA 


Power 
Supply 
Rejection 
7 
AVcc 
DC 
80 
dB 


i 
DC 
to 25kHz 
50 
dB 
Vss 
DC 
80 
dB 


DC to 2SkHz 
50 
dB 


VllClK, 
Clock 
Input 
low 
Voltage 
4 
0.8 
V 


VIHClK, Clock 
Input 
High 
Voltage 
4 
3.5 
AVcc 
V 


Ill, 
Input 
leakage 
Current 
(ClK) 
4 
AGNO 
::; V1N ::; AVcc 
±200 
/lA 


V1v Input 
low 
Voltage 
4 
0.8 
V 


V1H, Input 
High 
Voltage 
4 
".' 
2.0 
OVCC 
V 


VOv Output 
low 
Voltage 
4 
1m = 2.0mA 
0.45 
V 


VOH, Output 
High 
Voltage 
4 
IOH ~ -400/lA 
2.4 
V 


Iv Input 
leakage 
Current 
(except 
ClK) 
4 
AGNO 
::; V1N ::; AVcc 
±10 
/lA 


IHI_z, Output 
leakage 
Current 
(00-012) 
4 
RO = CS = V1H 
±10 
/lA 


C1, Input 
Capacitance 
(all digital 
inputs) 
10 
pF 


Co, Output 
Capacitance 
10 
pF 


(outputs 
DO to 012, SYNC and DAY) 
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tc 
Conversion 
Time 
4,9 
ClK 
Mode 
= 0 
fClK = ZOMHz 
31.5 
J1S 


fCLK = 5.0MHz 
44.0 
J1S 


Sample 
and Hold 
Acquisition 
4,9 
ClK 
Mode 
= 0 
fCLK = ZOMHz 
2.3 
/.IS 


fCLK ~ 5.0MHz 
3.2 
/.IS 


fCLKO 
Clock 
Frequency 
5,9 
ClK 
Mode 
~ 0 
Crystal 
3 
7 
MHz 


Driven 
1 
7 
MHz 


tCLKO 
Clock 
Width 
5,9 
Driven 
High 
50 
ns 


(ClK 
Mode 
~ 0) 
low 
50 
ns 


fCLK1 
Clock 
Frequency 
5,10 
Driven 
(ClK 
Mode 
~ 1) 
0.5 
(Note 
11) 
MHz 


tClK1 
Clock 
Width 
5,10 
Driven 
High 
125 
ns 


(ClK 
Mode 
~ 1) 
low 
125 
ns 


tAD 
Address 
Stable to Valid Data 
4 
150 
ns 


tAR 
Address 
Stable Before 
Read 
4 
0 
ns 


tRA 
Address 
Hold 
After 
Read 
4 
- 
0 
ns 


tRR 
Read Pulse Width 
4 
150 
ns 


tRO 
Read Access 
4 


- 
150 
ns 


t1Z, toz 
Data Read to Hi-Z 
4 
0 
50 
ns 


tRY 
Recovery 
Between 
Two Reads 
5 
250 
ns 
or Writes 
, 


tROCK 
Read to Clock 
Setup Time 
5, 12 
40 
ns 


tAW 
Address 
Stable Before 
Write 
4 
0 
ns 


tWA 
Address 
Hold 
After 
Write 
4 
0 
ns 


tww 
Write 
Pulse Width 
4 
150 
ns 


tow 
Data Setup Before 
Write 
Trailing 
Edge 
4 
100 
ns 


two 
Data Hold 
After 
Write 
Trailing 
Edge 
4 
. 
0 
ns 


tWRCK 
Write 
to Clock 
Setup Time 
5, 12 
40 
ns 


tCKDAV 
Clock 
to DAV Assert 
4,13 
CL = 50pF 
120 
220 
ns 


tSYNCCK SYNC Input 
to Clock 
Setup 
5, 12 
40 
ns 


tSYNCN 
SYNC Input 
Width 
5 
(ClK 
Mode 
= 0) 
6 
l/fClKO 
(ClK 
Mode 
= 1) 
3 
1/fcLK1 


tCKSYNC External 
Clock 
to SYNC Output 
Delay 
5,13 
CL ~ 50pF 
150 
200 
ns 


tSYNCO 
SYNC Output 
Pulse Width 
5,13 
(ClK 
Mode 
~ 0) 
8 
l/fcLKO 


(ClK 
Mode 
= 1) 
4 
1/fCLK1 


tWRDAV 
Write 
Reg2 to DAV Rising Edge 
4,14 
CL = 50pF 
170 
ns 


tRODAV 
Read RegO to DAV Rising Edge 
4, 15 
CL = 50pF 
170 
ns 


tr, 
tf 
Rise and Fall 
All Inputs 
25 
ns 


Absolute 
maximum 
ratings 
are 
limits beyond 
which 
the 
life of the 
integrated 
circuit 
may 
be impaired. 
All voltages 
unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 
Devices 
are 100% tested 
with 
temperature 
limits guaranteed 
by 100% testing, 
sampling 
or by correlation 
with worstwcase 
test conditions. 
Typicals 
are parametric 
norm 
at 25°C. 


Parameter 
guaranteed 
and 
100% production 
tested. 


Parameter 
guaranteed. 
Parameters 
not 100% tested 
are 
not 
in outgoing 
quality 
level calculation. 
Common 
mode 
rejection 
is the 
ratio of the 
change 
in zero 
error 
to the 
change 
in common 
mode 
input 
range. 
Power 
supply 
rejection 
is the 
ratio of the 
change 
in zero 
error 
to the 
change 
in power 
supply 
voltage. 


All parameters 
measured 
from 
0.8V to 2.0y' CL = 100pF. 
CK1X 
bit in control 
register 
E O. 


CK1X bit 
in control 
register 
= 1. 
_ 


Maximum 
frequency 
is 1/tC"'., (high) 
+ ICLK1 
(low) 
+ rise + fall times 
and 
oS 3.5MHz. 


Setup 
time 
required 
for synchronous 
start of conversion. 
In ClK 
mode 
= 0 (CK1X bit 
in control 
register 
= 0) start of conversion 
will 
occur 
at specified 
time; 
or time 
plus 
one 
fClKO period 
(see 
~~~ 
-- 


Writing 
a control 
register 
bit 0 with 
a one 
will 
acknowledge 
the 
DAV 
condition 
and 
de-assert 
DAV output. 


In start mode 
- 1, a read 
from 
location 
"0" will 
start the 
next 
conversion 
and 
de-assert 
the 
DAV output. 


Note 
2: 
Note 
3: 
Note 4: 
Note 
5: 


Note 
6: 
Note 
7: 
Note 
8: 
Note 9: 
Note 
10: 


Note 
11: 
Note 
12: 
Note 
13: 
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tww 
Figure 2. Write Cycle 


ClK,MODE-' 
J 
! 
\ 


elK, 
MODE 
= 0 
' 
~---_\ 
Ir----\ 
_ 


DAV 
tIC"DAV 
if 


WR 
~\ 
f=tW.DAV~ 


4 


~! 


elK, 
MODE' 
0 
\ 
.•• 
J! 
\ 
_ 


DAV-{"'" 
{ 


ill __ 
~\ 
__ /~_l__ 
t_'DD I~- 


\_-- 


ClK,MODE-' 
J 
C=J C 


elK, 
":lODE 
= 0 
• 


SYNC OUT:::::::--~f"""~ 
""CO 
f ".~. 
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START OF CONVERSION 


(NOTE 
3) 
I 
~ 
lSYNCN-----:}----- 


NOTES: 
1. 
ClK 
IS THE ClOCK 
DRIVEN 
ATTHE 
ClOCK 
PIN. 


2. 
IN ClK MODE 
1, WILL ALWAYS OCCURATTO 
IF SETUP TIMES ARE MET. 


3. 
IN ClK MODE 
0, WILL OCCUR 
EITHER AT TO OR Tl IF SETUP TIMES ARE MET. 


DATA 


VIN+ 
START 


VIN- 
BUSY 


VREF 
EOC 
12-BIT 
+ SIGN 


AID, 
SAMPLE AND 
CK1X 


AGND 
HOLD 


VSS 


DOCAl 


AVec 


ADRDY 


SC 


13 
CAlCODE 
HOLDING 
REGISTER 
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ALGORITHMIC 
AID CONVERTER 


Micro Linear's algorithmic 
converter 
uses a successive 


approximation 
technique. 
Most of today's successive 


approximation 
converters use a DAC to feedback the ap- 


proximated 
signal, however this technique 
requires more 
circuitry 
than algorithmic 
converters. 
In addition the val- 


ues of all of the resistors or capacitors in the DAC must be 
matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming 
is 
used. An algorithmic 
converter 
uses lesscircuitry 
and is 


more easily trimmed. 
Micro Linear's algorithmic 
converter 


is implemented 
using a 2x amplifier, 
a sample/hold 
amp, 


and a comparator 
as shown in Figure 7. 


The input sample is first multiplied 
by two then compared 


to the reference voltage. If the 2x input voltage is greater 
than the reference, the MsB is a 1 and the reference volt- 
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. If the 2x input voltage is 
lessthan the reference, the MsB is a 0 and the 2x input 
voltage is stored in the sample and hold. This process re- 
peats again, however now the sample and hold voltage is 
multiplied 
by 2. 


The algorithm 
involves multiplication 
by 2, comparison, 
and possibly subtraction. 
Referring to Figure 6, the 


algorithm 
for the circuit 
can be described 
as follows: 


Step 1 
If (2 x V1N)- VREF2: 0 


then MsB = 1 


(2 x V1N)- VREF-s/H 


else 
MsB = 0 


(2 x V1N)-s/H 


Step 2 
If (2 x s/H) 
- VREF2: 0 
then next bit = 1 


(2 x s/H) 
- VREF-s/H 


else 
next bit = 0 
(2 x s/H)-s/H 


Repeat Step 2 until conversion 
complete. 


Since the AID converter 
handles bipolar 
inputs, 
negative inputs are handled 
slightly differently 
using the 


same principle. 


SElF CALIBRATION 
In order to maintain integral and differential 
linearity to 


the 1/2 LsB level in an algorithmic 
converter, 
two critical 
parameters need to be controlled, 
loop offsets and the 


gain of the loop. Loop offsets are automatically 
nulled be- 
fore each conversion 
using auto-zeroing 
circuitry 
on both 


the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 


. Self calibrating the algorithmic 
converter, 
once the offsets 


have been nulled, is performed 
by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting 
the reference voltage as the input as well as the 


reference (VREFIVREF),and examining the output code. 
Converting 
VREFshould yield plus full scale, since VREF/ 


VREFshould equal 1. If the gain of the loop is slightly less 
than 2, the resulting LsB of the conversion 
will be "0". 
If 


the magnitude bits of the resulting conversion 
are all "1s", 


the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LsB is reached. 


Adjustment 
of the 2x gain is done with the binary 


weighted trim capacitor arrays connected 
to each of the 


2C input capacitors. A small value of capacitance 
is eithev 


added to or subtracted from the 2C input caps until the 
gain of the loop is within 
13 bit accuracy of 2. 
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CONVERSION 
TIMES 


The following 
table lists the conversion 
times which in- 


clude the sample and hold acquisition 
time. For a CALRD 


and CALWR no AID conversion 
actually takes place. 


OPERATION 


8 bit AID 
13 bit AID 
CALWR 
CALRD 


# OF INTERNAL 
CLOCKS· 
80 
110 
52 
80 


SAMPLE AND 
HOLD TIMING 


Figure 8 shows the internal timing for the sample and hold 
circuitry. 
The relationship 
between the "Start of Conver- 


sion" and the input channel going into sample mode is 
fixed at 6 internal clocks·, 
regardless of the Start Mode. Six 


internal clocks after the Start of Conversion the Sample 
and Hold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
V1N+ and one on VIN -. The sample switch is kept in the 
sample mode for 8 internal clocks (2.3/ls at a 7MHz ex- 
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the AID, after which the VREFpin is sam- 
pled for 8 internal clocks. 


Figure 8 also illustrates the timing of the SYNC pin in Mas- 
ter Mode during a conversion 
(MIS= 1 Control register) 


and Start Mode 0, 1, or 2. SYNC is activated one internal 
clock cycle after the Start of Conversion 
and lasts for four 


internal clocks. 


EXTERNAL 
CLOCK 


(CLKMODEO) 


ANALOG 
INPUTS 


DIFFERENTIAL INPUTS AND COMMON 
MODE 


REJECTION 
The differential 
inputs of the ML2233 eliminate the effects 


of common 
mode input noise (60Hz for example), as 


VIN + and VIN - are sampled at the same time. 


NOISE 
The leads to the analog inputs should be kept as short as 
possible to minimize 
output noise. Noise as well as digital 


clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 


POWER SUPPLY DECOUPLING 
Low inductance 
tantalum capacitors of l/lF or greater 
and 0.01 /IF disc ceramic capacit'ors are recommended 
for 


bypassing AVec as well as Vss to AGND. 
These capacitors 
should be placed close to the AVec and Vss pins. • 
There are two 13-bit directly addressable registers; a Data 
Buffer register and a Control register. The data buffer regis- 
ter provides the conversion 
results. The data register is 


double buffered, allowing one result to be read while the 
next sample is being converted. 
The data register also al- 


lows access to the algorithmic 
converter's 
calibration 
code. Normally 
the ML2233 is operated without 
ever ac- 
cessing these registers. (Refer to Diagnostics for more 
information). 
The Control register provides complete 
con- 


trol and status information. 
The two registers are ad- 


dressed by pin AD. 


INTERNAL 


CLOCK 
OR (ClK 
MODE 
1) 


I 
I 
I 
I 
t 


START OF CONVERSION 


I 
I 
I 
I 
I 


I-SAMPLINC 
INPUT--------I 


I 
I 
I 


I 
I 
I- 
SAMPLINCREFERENCE---! 
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All data is returned from the converter 
in two's comple- 
mentformat. 


Cycle 
13 
8 


-Min 
1000 
lF80 


Zero 
0000 
0000 


+Max 
OFFF 
007F 


REGISTER DESCRIPTION 
Register O-Data 
Buffer: 


Register 0 contai ns the resuIts of the latest conversion 
when read. Depending 
on the Start Mode selected, read- 
ing or writing to this register may start the next 
conversion. 


Register l-CONTROl 
Register: 


Bit 0 (DAV status when READIDAVACK acknowledge 
when a ONE is written): 
Reading DAV ~ 1 indicates that new data is available or a 
calibration 
is complete. 
DAV will be cleared automatically 
when the data is read. This bit can be explicitly 
acknowl- 


edged by writing a ONE to it; writing a zero has no effect. 
The DAV output pin always reflects the DAV status bit. 


SHORT CYClE 


00: 
START 
If 
RECO 
IS WRITTEN 
01: START IF REGOIS READ 


10: CONTINUOUS 
CONVERSIONS 


AFTER 
RECO 
IS WRITTEN 


11: START IF SYNC GOES HIGH 


TES.TMODE 


MASTER/SLAVE 


0: fcu: - 0, ClK DIVIDED BY2 INTERNAllY 
(DEFAUlD 


MAXIMUM 
INPUT 
CLOCK 
FREQUENCY 
IS 7MHz. 


1: felk. 
1, elK 
DRIVES 
INTERNAllOGlC 
DIRECTlY 


MAXIMUM 
INPUT 
ClOCK 
FREQUENCY 
IS J.5MHz. 


Bit 1 (BUSY status when READ/RESETwhen a ONE is 
written): 
Reading BUSY = 1 indicates that a conversion 
or calibra- 
tion is in progress. Writing a ONE will force a chip reset. 
Writing 
a zero has no effect. 


RESETDefault Conditions: 


The Control register will automatically 
be cleared. The 


Data Buffer register will be unchanged. 
The Calibration 


register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the DAV 
output is inactivated 
(high). The SYNC pin is forced to be 
an input as a result of clearing the M/S bit in the Control 
register. 


Bit 2 (ADRDY status when READIDOCAL 
request when a 
ONE is written): 
Reading ADRDY ~O indicates that the converter 
has not 


been calibrated since the last reset, and ADRDY ~ 1 indi- 
cates that it has been calibrated 
since the last reset. 


Writing 
a ONE will force the converter 
to do a calibration; 


writi ng a zero has no effect. 


WRITE 
7 
• 


CALCQOE 
HOLDING 
REGISTER 


WRITING 1 
ACKNOWLEDGES 
DAV 


WRITING 
1 RESETS CHIP 


STARTMODE5 


000: 
NORMAL 
AlD 
CONVE 
RSION 


0: SLAV~ 
MODE, 
SYNC ISAN INPUT (DEFAULT) 


I: MASTE RMODE, 
SYNC IS AN OUTPUT 
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Bit 3 (SC: Short cycle select): 
Selects 8 or 13 bit conversions. 


SC~ 0: 13-bit conversion 
(default) 
SC~ 1: 8-bit conversion 
(short cycle) 


Bits4,5 (SMDE: Start Mode): 
Defines Start Conversion 
mod~. 


Bits 5,4 


00 
Start Conversion 
upon writing to register 0 


(default) 
Start Conversion 
upon reading register 0 
Start Continuous 
Conversions upon writing to 
register O. 
Start on external SYNC input going high 
(Requires Slave mode: M/S~O) 


Bits 7,6 (reserved): 
These bits are reserved by Micro linear 
and must be writ- 


ten as zero. 


Bits 10,9,8 (TMDE: test mode select bits) 


These bits are used for diagnostic purposes only and nor- 
mally not accessed during operation. 
The default value of 
TMDE is 000 which selects a normal AID conversion. 
See 


Diagnostics for more information. 


TMDE 


000 
001 
010 
011 
100 
101 
110 
111 


Description 
Normal A/D Conversion 
Reserved by Micro linear 
(Do Not Use) 
CAlWR 
Operation 


CAlRD 
Operation 


System Offset 
Common-mode 
Plus Full Scale 
Minus Full Scale 


Bit 11 (M/S: Master/Slave bit): 


Dictates whether the SYNC pin is an input or an output. 
Upon RESET,this bit is cleared. 


M/S~O: Slave Mode 
SYNC is an input which is used 
to trigger a conversion 
if 


SMDE~ 11. 


M/S~ 1: Master Mode 
SYNC is an output. At the begin- 
ning of every conversion, 
SYNC 


is high for 4 internal clocks. 


Bit 12 (CKl X: clock select bit): 


Selects whether the external clock will be divided 
by two 


or used directly asthe internal clock. See Clock section for 
a detailed explanation. 


the external clock is divided by 
two and used as the internal 
clock. This is referred to as ClK 
Mode-D. 


the external clock input is used 
directly as the internal clock. 
This is referred to as ClK 
Mode~ 
1. 
• 
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GENERAL OPERATING INFORMATION 


CONVERSION-START 
PROTOCOL 


There are four different ways to start a conversion. 
They 
are defined by SMDE bits 4 and 5 in the Control Register. 


SMDE 
Bits 5,4 


00: 
A write to register 0 will start a conversion. 
During 
a conversion, 
if another write is issued to register 


0, the "Start Conversion" 
command 
will be 
latched and another conversion 
will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in- 
ternal clocks after the first write. Only one addi- 
tional write will be latched; multiple 
writes within 


a conversion 
will only yield one more conversion. 


01: 
Reading the data from the previous conversion 
starts the next conversion. 


10: 
This mode causes continuous 
conversions; the 
next conversion 
begins immediately 
after the 
previous conversion 
ends. Writing to register 0 
will start the first conversion; 
thereafter the con- 
verter runs continuously. 
This mode yields the 
maximum 
conversion 
rate. 


11: 
The SYNC input triggers the start of a conversion. 
The MiS bit in the Control Register must be 
cleared, placing the chip in the slave mode. 


Note: The external activation 
signals for Start Modes 0, 1, 
and 3 are synchronized 
internally to the system clock. If 


periodic sampling is required using these Start Modes, the 
SYNC, RD, or WR pulses must be synchronized 
to the sys- 


tem clock. Start Mode 2 guarantees periodic sampling. 


DOUBLE-BUFFERED 
DATA REGISTER 
The AID conversion 
result is double-buffered 
using the 
Data Buffer register and the AID Data register. The actual 
End-Of-Conversion 
(EOC) does not correspond 
with the 


DAVoutput 
going low. The DAVoutput 
goes low 16 in- 


ternal clocks after the EOC. From the time DAVoutput 
goes LOW, the user has one full conversion 
time (80 or 
110 internal clocks) minus 16 internal clocks to read the 
data as shown in Figure 10. 


SElF CALIBRATION 
Setting the DOCAL bit issues a calibration 
request to the 
chip. When calibration 
is done, the DAV status bit is set 
and the DAV output goes low. 


A calibration 
requires 8,260 internal clocks. Using a 7MHz 
clock (CLK Mode-O), 
this is approximately 
2 ms. Power 
supplies and external voltage reference must be stable be- 
fore issuing a request for calibration. 


The ML2233 should be calibrated 
before any conversions 
are attempted. 
Calibrations 
must not be performed 
si- 


multaneously 
with conversions. 
Before requesting a cali- 
bration, the user may want to read the Busy status bit to 
make sure that the converter 
is idle. Polling the chip while 
the calibration 
is in progress is not recommended. 


STARTOf CONVERSION 2 
STARTOf CONVERSION 3 
STARTOf CONVERSION 1 
END Of CONVERSION 1 
END Of CONVERSION 2 


Im""",o" 'I-:::::':'-l-<E ~-~C:A::::::~:8~ 
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CLOCK 
The Ml2233 
has the option of dividing the clock at the 


ClK pin by 2, or using it directly to drive the internal logic. 
This option is selected through the CK1X bit in the Control 
register. When CK1x-o the clock is divided by 2. This is 
referred to as ClK Mode~O. 
The clock at the ClK pin is re- 


ferred to as the External clock, and the Internal Clock is 
the External clock divided 
by 2. When CK1X = 1, the clock 


at the ClK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as ClK Mode= 
1. All internally clocked logic is 


positive edge triggered. 


CLKMode=O: 
There are two advantages to ClK Mode O.This is the only 
Mode that allows an external crystal to be used. ClK Mode 
1 cannot operate with an external crystal, the ClK pin 
must be driven. The second advantage of ClK Mode 0 is 
that the duty cycle for a driven clock is lessstringent than 
in ClK Mode 1. (Refer to tClKOand tClKl in AC Electrical 
Characteristics 
for ClK Mode 0 and 1 timing requirements, 


respectively.) 


On power up the state of the divide by two flip-flop 
is in- 


determinate. 
Therefore the relationship 
between the in- 


ternal clock and the external clock at the ClK pin can have 
one of two possibilities as shown in Figure 11. As a result 
the following 
should be considered. 


EXTERNAL 


CLOCK 


(CLK MODE: 
0) 


tWRCK,tROCK,and tSYNCCKspecs, (RD, WR, and SYNC set- 
up times to Start of Conversion), 
will be as shown in the 


data sheet, or the data sheet specs plus' one external clock 
period. Since these specifications 
are with respect to the 


rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer- 
tainty of one external clock period. 


If periodic sampling is necessary and Start Mode 0,1, or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous 
to the external clock, Il)eet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external clock peri- 
ods, half the pulses would correspond 
with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the ClK mode. 
• 
CLKMode=l: 
This mode eliminates the requirement 
that external start 
pulses must be an even number of external clock periods. 
However 
periodic sampling still requires that the start 
pulse be synchronous 
to the external clock, and the setup 
time must be met. ClK Mode 1 also eliminates the un- 
certainty of the tWRCK,tROCK,and tSYNCCKrequirements. 
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DIAGNOSTICS 
Diagnostic routines may be run after power up or any 
other time to ensure proper operation. 
The diagnostic fea- 


tures, which ar~ software selectable, don't require ex- 
ternal hardware. 
Both the analog and digital sections can 


be tested. 


The ML2233 is placed in the diagnostic mode via the 
TMDE field in the Control 
Register. Once the ML2233 is 


placed in one of the diagnostic modes, a conversion 
must 


be executed before the results can be read. As with all 
conversions, 
DAV will be activated upon completion. 


ANALOG 
CONVERSION 
DIAGNOSTICS 


TMDE=OOO: Normal Operation 
Selects normal A/D conversion. 
Default condition 
after a 


software reset. 


TMDE=OOl: 
Reserved by Micro Linear. 


TMDE = 010: CALWR operation 
The data in Write register 0 (CALCODE Holding 
Register), 


is transferred 
into the converter's 
Calibration 
register 


when a "Start Conversion" 
is issued. A dummy conver- 


sion occurs and the DAV output goes LOW to indicate that 
the operation 
is complete. 


TMDE = 011: CALRD operation 
The contents of the Calibration 
register are transferred 


through the AID Data register and loaded into the Data 
Buffer register. A dummy B-bit conversion 
occurs and DAV 


output goes LOW to indicate that the CALRD operation 
is 
complete. 


TMDE = 100: System Offset 
The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the AID converter 
and Sample/ 


Hold combination. 
The VIN + and VIN 
- 
pins will remain 


in a high impedance 
state while in this mode. 


TMDE = 101: Common-mode 
Both the positive and negative inputs of the Sample and 
Hold are tied t6 VREF. The results of a conversion 
in this 


test mode indicates how well the converter 
is rejecting a 
common 
mode signal. 


TMDE = 110: Positive Full Scale 
This test mode connects the positive input of the Sample 
and Hold to VREF and the negative input of the Sample and 
Hold to analog ground. The result of converting 
in this test 


mode is a value near positive full scale. 


TMDE = 111: Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to VREF. 
The result of converting 
in this test mode is a value near 


negative full scale. 


DIGITAllOOPBACK 
The ML2233's architecture 
provides a way for the micro- 
processor to indirectly 
read and writeto 
the AID 


converter's 
calibration 
register and data register via a 


CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digitalloopback. 


r----------------T-----~-----l 
I 
REGISTERS 
I 
AiD CONVERTER 
I 
I 
AO 
WR 
R 
1 
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12 
0 
I 
I 
I 
0 
0 
0 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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When the TMDE bits are set to 010 CAL WRITE (CALWRj, 
and a Start Conversion 
is issued in anyone 
of the four 


modes, the contents of the CALCODE Holding 
register is 


transferred into the AID converter's 
Calibration 
register. 


When the TMDE bits are set to 011 CAL READ (CALRD), 
and a Start Conversion 
is issued, the contents of the 


Calibration 
register are transferred through the AID's 
Data register into the Data Buffer register. The result of 
these two operations 
is a complete 
loopback from the 


CALCODE Holding 
register through the AID converter 


and back into the Data buffer register. This loopback 
pro- 


vides user assurance that all the paths are clear and there 
are no stuck bits. 


Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration 
value must be re- 


stored before the converter 
is used to convert data. 


CALIBRATION 
PASS/FAil 
TEST 


The CALRD can be used as a way to verify a successful 
calibration. 
After a calibration 
is completed, 
the CALRD 


may be issued in order to read the contents of the Calibra- 
tion register. If the Low Byte (lower 8 bits) of the data 
buffer register are ones after executing a CALRD, the cali- 
bration failed; otherwise the calibration 
is successful. 
• 
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DTACK 


68000 
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-5V 
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+5Vr 


CC 


: 
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MAXIMUM 
MAXIMUM 
TOTAL 
MINIMUM 


PART NUMBER 
LINEARITY ERROR 
UNADJUSTED 
ERROR 
CONVERSION 
PACKAGE 


ML2233BCJ 
±3/. LSB 
±1Y2 LSB 
31.5fJS 
Hermetic 
DIP U28) 
ML2233CCj 
.- 
±1 LSB 
±2Y2 LSB 
31.5fJS 
Hermetic 
DIP U28) 


ML2233DCj 
±1 LSB 
j 
±2Y2 LSB 
44.0fJS 
Hermetic 
DIP U28) 
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ML2252,ML2259 


JlP Compatible 8-Bit AI D Conve~ers 
with 2- or 8-Channel Multiplexer 


The ML2252 and ML2259 combine an 8-bit AI D converter, 
2- or 8-channel analog multiplexer, and a microprocessor 
compatible 8-bit parallel interface and control logic in a sin- 
gle monolithic CMOS device. 
. 


Easyinterface to microprocessors is provided by the latched 
and decoded multiplexer address inputs and a double buf- 
fered three-state data bus. These analog-to-digital converters 
allow the microprocessor to operate completely asynchron- 
ous to the converter clock. 
. 


The built in sample and hold function provides the ability to 
digitize a 5V, 50kHz sine wave to 8-bit accuracy. The differ- 
ential comparator design provides low power supply sensitiv- 
ity to DC and AC variations. The voltage reference can be 
externally set to any value between ground and Vcc, thus 
allowing a full conversion over a relatively small span if de- 
sired. All parameters are guaranteed over temperature with a 
power supply voltage of 5V ±10%. 


The device is suitable for a wide range of applications from 
process and machine control to consumer, automotive, and 
telecommunication 
applications. 


• Conversion 
time (feLK~ 1.46MHz) 
6.6/-1s 


• Total unadjusted 
error 
± 1/2 LSB or ± 1LSB 
• No missing codes 
• Sample and hold 
390 ns acquisition 
• Capable of digitizing 
a 5 V, 50kHz 
sine wave 


• 2- or 8-channel 
input multiplexer 
• OV to 5 V analog input range with single 5 V power 


supply 
• Operates ratiometrically 
or with up to 5 V voltage 


reference 
• No zero or full scale adjust required 
• Analog input protection 
25 mA (min) per input 


• Continuous 
conversion 
mode 


• Low power dissipation 
15mW 
MAX 


• TTL and CMOS compatible 
digital inputs and outputs 


• Standard 20-pin or 28-pin DIP or PCC 
• Temperature 
range 
O°C to +70°C, 


or -40°C 
to +85°C, 


or -55°Cto 
+125°C 


vcc 
CLOCK 


~ 
START 


CHO 


CHl 
ORO 


OBI 


DB2 


DB3 


DB4 
ADDRESS 
DBS 
LATCH 
AND 
DB6 


DECODER 
DB7 


ADDRESS 
AD 
GND 
+VREF 
-VREF 
LATCH 
ENABLE 
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ADDRESS 
LATCH 
AND 
DECODER 


ML2252 
2o-Pin DIP 


CHI 
1 
'-../ 
20 
CHO 


START 
19 
ADDRO 


EOC 
18 
ALE 


083 
17 
087 


OE 
16 
086 


+VREF 
-VREF 
OUTPUT 
ENA8lE 


ML2259 
28-Pin DIP 


CH3 


CH4 


CH5 


CH6 


CH7 


START 


EOC 


083 


OE 


ClK 


Vcc 


+VREF 


GND 


081 
• 


ADDRESS AD Al 
A2 
GND 
LATCH 
ENA8LE 


15 
085 


14 
DB4 


13 
080 


12 
-vo" 


11 
082 


CH2 


CHI 


CHO 


ADDRO 


ADDRI 


ADDR2 


ALE 


DB7 


086 


DB5 


DB4 


080 


Vcc 


+VREF 


GND 


OBI 
10 


ML2252 
2o-Pin PeC 


START 
CHO 


EOC I 
CHI I ADDRO 


1 
20 
19 
DB3 
18 
ALE 


OE 
17 
DB7 


ClK 
6 
16 
086 


Vcc 
15 
DB5 


+VREF 
14 
DB4 
9 
10 
11 
12 
13 


GND I 
DB2 I 
080 
OBI 
-VREF 


TOPVIEW 


TOPVIEW 


ML2259 
28-Pin PeC 


CH5 
CH3 
CHI 


CH6 I 
CH4 I 
CH2 I CHO 


CH7 


START 


EOC 


DB3 


OE 


ClK 
10 


Vcc 
11 


1282726 


25 
ADDRO 


24 
ADDRI 


23 
ADDR2 


22 
ALE 


21 
DB7 


20 
086 


19 
DB5 


I GND I 
DB2 I 
080 I 


+VRfF 
081 
-VRfF 
084 


TOPVIEW 
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PIN# 


ML2252 
ML2259 
NAME 


1 
CH3 
2 
CH4 
3 
CH5' 


4 
CH6 
5 
CH7 


6 
START 


7 
EOC 


8 
DB3 
9 
OE 


10 
.ClK 
11 
Ycc 
12 
+YREF 
13 
GND 
14 
DB1 
15 
DB2 
16 
-YREF 
17 
DBO 
18 
DB4 
19 
DB5 
20 
DB6 
21 
DB7 
22 
ALE 


23 
ADDR2 
24 
ADDR1 
25 
ADDRO 
26 
CHO 
27 
CH1 
28 
CH2 


FUNCTION 


Analog 
input 
3. 
Analog 
input 
4. 


Analog 
input 
5, 


Analog 
input 
6. 
Analog 
input 
7. 
Start of conversion. 
Active 
high digital 
input 
pulse initiates 
conversion. 


End of conversion. 
This Qutput 
goes low after a START pulse occurs, 
stays low for 
the entire AI D conversion, 
and goes high after conversion 
is completed. 
Data 


on DBO-DB7 
is valid 
on rising edge of EOC and stays valid 
until 
next EOC rising 


edge. 
' 


Data output 
3. 


Output 
enable 
input. 
When 
OE ~O, DBO-DB7 
are in high impedance 
state; 


OE -1, 
DBO-DB7 
are active 
outputs, 


Clock. 
Clock 
input 
provides 
timing 
for AID 
converter, 
S/H, 
and digital 
interface 
. 


Positive supply. 
5 Y ± 10%. 


Positive 
reference 
voltage. 
Ground, 
Ov, all analog 
and digital 
inputs 
or outputs 
are referenced 
to this point. 


Data output 
1. 


Data output 
2. 
Negative 
reference 
voltage. 
Data output 
O. 
Data output 
4. 


Data output 
5. 


Data output 
6. 


Data output 
7. 


Address 
latch enable. 
Input 
to latch 
in the digital 
address 
(ADDR2-0) 
on the 


rising edge of the multiplexer. 
Address 
input 
2 to multiplexer. 
Digital 
input 
for selecting 
analog 
input. 


Address 
input 
1 to multiplexer. 
Digital 
input 
for selecting 
analog 
input. 


Address 
input 
0 to multiplexer. 
Digital 
input 
for selecting 
analog 
input. 


Analog 
input 
O. 


Analog 
input 
1. 


Analog 
input 
2. 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage, Vcc 
.........•..................... 
6.5V 


Voltage 
Logic Inputs 
-0.3VtoVcc 
+O.3V 


Analog Inputs 
-0.3 V to Vcc +O.3V 


Input Current per Pin (Note 2) 
±25mA 


Storage Temperature 
';. 
-65°Cto 
+150°C 


Package Dissipation 


atTA _25° C (Board Mount) 
.. 
875 mW 


lead Temperature (Soldering 10sec.) 


Dual-in-Line 
Package (Plastic) 
..... 
260° C 


Dual-in-Line 
Package (Ceramic) 
.. 
300° C 


Molded 
Chip Carrier Package 


Vapor Phase (60 sec.) 
. 
" .. 
215° C 


Infrared (15 sec.) 
220° C 


Supply Voltage, Vcc 
4.5Voct06.3Voc 


Temperature Range (Note 3) 
.. 
TMIN'" TA'" TMAX 


ML2252BMj, 
ML2252CMj 
- 55°Cto 
+125°C 


ML2259BMj, 
ML2259CMj 
ML2252BIj, 
ML2252CIj 
-40°Cto 
+85°C 


ML2259BIj, 
ML2259C1j 
ML2252BCp, ML2259BCP 
ML2252BCQ, 
ML2259BCQ 
ML2252CCp, ML2259CCP 
ML2252CCQ, 
ML2259CCQ 
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ELECTRICAL 
CHARACTE 
RISTICS 


Unless otherwise 
specified 
TA = TMIN to TMAX, VCC-,+VREF=5V 
±10%, 
- VREF=GND 
and fCLK-l.46MHz. 


ML2252B, 
ML2259B 
ML2252C, ML2259C 
np 
~P 
NOTE 4 
MAX 
MIN 
NOTE 4 
PARAMETER 
NOTES 
CONDITIONS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted 
Error 
5,7 
VREF-VCC 
±1/2 
±1 
L5B 


+VREFVoltage Range 
6 
-VREF 
Vcc+0.1 
-VREF 
Vcc+0.1 
V 


- VREFVoltage Range 
6 
GND-0.1 
+VREF 
GND-0.1 
+VREF 
V 


Reference Input 
5 
14 
20 
28 
14 
20 
28 
kQ 


Resistance 


Analog Input Range 
5,8 
GND-0.1 
Vcc+0.1 
GND-0.1 
Vcc+0.1 
V 


Power Supply 
6 
DC 
±'/32 
±'I. 
±1!J2 
±'I. 
LSB 


Sensitivity 
Vq:-5V±10% 


1OOmVp•p 
±'h6 
±lh6 
LSB 


100kHz Sine on Vcc, 
VIN-O 


IOff, Off Channel 
5,9 
On Channel- 
Vcc 
-1 
-1 
IAA 
Leakage Current 
OffChannel-OV 


(Note 9) 
On Channel-OV 
1 
1 
fAA 


OffChannel-VCC 


IOn' On Channel 
5,9 
On Channel = 0 V 
-1 
-1 
fAA 
Leakage Current 
Off Channel- 
Vcc 


(Note 9) 
On Channel- 
Vcc 
1 
1 
fAA 


OffChannel~OV 
• 


SYMBOL 
PARAMETER 


DIGITAL AND 
DC CHARACTERISTICS 


V1N(1) 
Logical ''1'' Input Voltage 
5 
2.0 
V 


VINIO) 
Logical "0" 
Input Voltage 
5 
, 
0.8 
V 


IINI') 
Logical "1" Input Current 
5 
V1N-VCC 
1 
fAA 


IINIO) 
Logical "0" 
Input Current 
5 
VIN-OV 
-1 
fAA 


VOUT(1) 
Logical "1" Output Voltage 
5 
'OUT- -2mA 
4.0 
V 


VOUTIO) 
Logical "0" 
Output 
Voltage 
5 
IOUT-2mA 
0.4 
V 


lOUT 
Three-State Output 
5 
VOUT-OV 
-1 
fAA 
Current 
VOUT-VCC 
1 
fAA 


Icc 
Supply Current 
5 
1.5 
3 
mA 


tACQ 
Sample & Hold Acquistion 
'/2 
1/fCLK 


fCLK 
Clock Frequency 
5 
, 
10 
1460 
kHz 


te 
Conversion Time 
, 
8.5 
8.5+250ns 
1/fcLK 


SNR 
Signal to Noise Ratio 
V1N- 51kHz,S V Sine. 
47 
dB 
fCLK-1.46 MHz 
(fSAMPLlNG~150kliz). Noise is Sum of 
All Nonfundamental 
Components 
up 
to 
112 of fSAMPLING 


THO 
Total Harmonic 
Distortion 
V1N- 51kHz,S V Sine. 
-60 
dB 


fCLK-1.46 MHz 
(fSAMPLlNG~150kHz). THO is Sum of 
2, 3, 4, 5 Harmonics 
Relative to 
Fundamental 


'Micro 
Linear 


ML2252, ML2259 


ELECTRICAL 
CHARACTE 
RISTICS 
(Continued) 


Unless otherwise 
specified 
TA - TM1N to TMAX, VCC~ 
+VREF-5V 
±10%, 
- VREF=GND 
and fcLK-1.46MHz. 


TYP 


SYMBOL 
PARAMETER 
NOTES 
CONDITIONS 
NOTE 4 


AC AND DYNAMIC 
PERFORMANCE 
CHARACTERISTICS (Note 10) (Contirlued) 


IMD 
Intermodulation 
Distortion 
V1N-fA +fa. fA-49kHz, 
2.5V Sine. 
-60 
dB 


fa-47.8kHz, 
2.5V Sine, 


fcLK-l.46MHz 
(fsAMPllNG~150kHz). IMD is (fA+fa), 
(fA-fa), 
(2fA+fa), (2fA-fB), (fA+2fB), 


(fA- 2fB) Relative to Fundamental 


FR 
Frequency Response 
V1N-0 
to 50kHz. 
5V Sine Relative to 
0.1 
dB 
1kHz 


toc 
- 
Clock Duty Cycle 
6,11 
40 
60 
% 


tEoc 
End of Conversion 
Delay 
5 
112 
'12+250ns 
l/fCLK 


tws 
Start Pulse Width 
5 
50 
ns 


tss 
Start Pulse Setup Time 
6,12 
Synchronous 
Only 
40 
ns 


tWALE 
Address Latch Enable Pulse 
5 
50 
ns 


Width 


ts 
Address Setup 
5 
0 
ns 


tH 
Address Hold 
5 
50 
ns 


tHl' tHO 
Output 
Enable for DBO-DB7 
6 
Figure 1, CL- 50pF 
100 
ns 


6 
Figure 1, CL-10pF 
50 
ns 


t,H,IoH 
Output 
Disable for DBD-DB7 
6 
Figure 1, CL- 50pF 
100 
ns 


6 
Figure 1, CL-10pF 
50 
ns 


C1N 
Capacitance of Logic Input 
5 
pF 


<:OUT 
Capacitance 
of Logic Output 
10 
pF 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: 
When the input voltage (VIN) at any pin exceeds the power supply rails (VIN<GND 
-0.1 V or VCC +0.1 V) the absolute value of current 


at that pin should be limited to 25 mA or less. 


Note 3: 
- 55°C to +125°C operating temperature 
range devices are 100% tested at temperature 
extremes with worst-case test conditions. 
-40°C 
to +85°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% testing, sampling, or by 
correlation 
with worst-case test conditions. 


Note 4: Typicals are parametric 
norm at 25°C. 


Note 5: 
Parameter guaranteed and 100% production 
tested. 


Note 6: 
Parameter guaranteed. 
Parameters not 100% tested are not in outgoing quality leyel calculation. 


Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer 
and sample and hold errors. 


Note 8: 
For - VREF~ V1N(+) the digital output code will beסס ooסס oo. Two on-chip diodes are tied to each analog input which will forward 
conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low 


Vcc levels (4.5 V), as high level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated temperatures, 
and cause errors 
for analog inputs near full-scale. The spec allows l00mV 
forward bias of either diode. This means that as long as the analog V1N or VREFdoes not 


exceed the supply voltage by more than 100mY, the output code will be correct. To achieve an absolute OVoc to 5VDC input voltage range will 
therefore require a minimum 
supply voltage of 4.900VDC over temperature 
variations, initial tolerance and loading. 


Note 9: 
Leakage current is measured with the clock not switching. 


Note 10: CL- 50pF, timing measured at 50% point. 


Note 11: A 40% to 60% clock duty cycle range insures proper operation 
at all clock frequencies. 
In the case that an available clock has a duty 
cycle outside of these limits, the minimum 
time the clock is high or the minimum 
time the clock is low must be at.least 40 ns. The maximum 


time the clock can be high or low is 601's. 


Note 12: The conversion 
start setup time requirement 
only needs to be satisfied if a conversion 
must be synchronized 
to a given clock rising 
edge. If the setup time is not met, start conversion 
will have an uncertainty 
of one clock pulse. 
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1.1 
Multiplexer 
Addressing 


The ML2252 
and ML2259 
contain 
a single ended 
analog 
multiplexer. 
A particular 
input 
channel 
is selected 
by using 
the address 
decoder. 
The relationship 
between 
the address 
inputs, 
ADDRO-ADDR2, 
and the analog 
input 
selected 
is 


shown 
in Table 1. The address 
inputs 
are latched 
into the 
decoder 
on the rising edge of the address 
latch signal ALE. 


Table 1. 
Multiplexer 
Address Decoding 


ML2252 


Selected 
Address 
Analog Channel 
Input 


CHO 
0 
CH1 
1 


Selected 
Address Input 


Analog Channel 
ADDR2 
ADDR1 
ADDRO 


CHO 
0 
0 
0 
CH1 
0 
0 
1 


CH2 
0 
1 
0 
CH3 
0 
1 
1 


CH4 
1 
0 
0 
CH5 
1 
0 
1 


CH6 
1 
1 
0 
CH7 
1 
1 
1 


1.2 
AID Converter 
The AI D converter 
uses successive 
approximation 
to per- 


form 
the conversion. 
The converter 
is composed 
of the suc- 


cessive approximation 
register, 
the DAC and the comparator. 


The DAC generates 
the precise 
levels that determine 
the 


linearity 
and accuracy 
of the conversion. 
The DAC is com- 
posed of a capacitor 
upper 
array and a resistor 
lower 
array. 


The capacitor 
upper 
array generates 
the 4 M5B decision 


levels while 
the series resistor 
lower 
array generates 
the 4 L5B 
decision 
levels. A switch 
decoder 
tree is used to decode 
the 


proper 
level from 
both arrays. 


The capacitor 
I resistor array offers fast conversion, 
superior 


linearity 
and accuracy 
since matching 
is only 
required 
be- 
tween 
24= 16 elements 
(as opposed 
to 28=256 
elements 
in 
conventional 
designs). 
And 
since the levels are based on the 
ratio of capacitors 
to capacitors 
and resistors to resistors, 
the 


accuracy 
and long term 
stability 
of the converter 
is improved. 


This also guarantees 
monotonicity 
and 
no missing 
codes, 
as 
well as eliminating 
any linearity 
temperature 
or power 
supply 
dependence. 


The successive 
approximation 
register 
is a digital 
block 
used 
to store the bit decisions 
from 
the conversion. 


The comparator 
design 
is unique 
in that 
it is fully 
differential 
and auto zeroed. 
The fully 
differential 
architecture 
provides 
excellent 
noise immunity, 
excellent 
power 
supply 
rejection, 


and wide 
common 
mode 
range. The comparator 
is auto 


zeroed 
at the start of each conversion 
in order 
to remove 
any 
DC offset and full-scale 
gain error, 
thus improving 
accuracy 


and linearity. 


Another 
advantage 
of the capacitor 
array approach 
used in 


the ML2252 
and ML2259 
is the inherent 
sample-and-hold 


function. 
This true 51 H allows 
an accurate 
conversion 
to be 
done 
on the input 
even if the analog 
signal is not stable. 
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Linearity and accuracy are maintained for analog signals up 
to 1/2 the sampling frequency, As a result, input signals up to 
50 kHz can be converted without degradation in linearity or 
accuracy, 
The sequence of events during a conversion is shown in 
Figure 5, The rising edge of a STARTpulse resetsthe internal 
registersand initiates a conversion on the next rising edge of 
ClK providing that (tss)start pulse setup time is satisfied. If 
this setup time is not met, start conversion will have an un- 
certainty of one clock pulse. The input isthen sampled for 
the next half ClK period until EOC goes low. EOCgoes low 
on the falling edge of the next ClK pulse indicating that the 
conversion is now beginning. The actual conversion now 
takes place for the next eight ClK pulses, one bit for each 
ClK pulse. After the conversion is done, the data is updated 
on DBO-DB7 and EOC goes high on the rising edge of the 9th 
ClK pulse, indicating that the conversion has been com- 
pleted and data is valid on DBO-DB7. The data will stay valid 
on DBO-DB7 until the next conversion updates the data word 
on the next rising edge of EOC. 


M12252, ML2259 


A conversion can be interrupted and restarted at any time by 
a new STARTpulse. 


1.3 
Analog Inputs and Sample/ 
Hold 
The Ml2252 and Ml2259 
have a true sample-and-hold 
circu.it which samples both the selected input and ground 
simultaneously. These analog to digital converters can reject 
AC common mode signals from DC-50 kHz aswell as 
maintain linearity for signals from DC-50 kHz. 


The plot below (Figure 6) shows a 2048 point FFTof the 
Ml2259 converting a 50kHz, 0 to 5V, low distortion sine 
wave input. The Ml2252 and Ml2259 
sample and digitize at 


their specified accuracy, dynamic input signals with fre- 
quency components up to the Nyquist frequency (one-half 
the sampling rate). The output spectra yields precise mea- 
surements of input signal level, harmonic components, and 
signal to noise ratio up to the 8-bit level. The near ideal signal 
to noise ratio is maintained independent of increasing analog 
input frequencies to 50kHz. 
• 


Figure 5. Timing Diagram 
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The signal at the analog input is sampled during the interval 
when the sampling switch is open prior to conversion start. 
The sampling window (S/H 
acquisition time) is one half ClK 


period long and occurs one half ClK period after STARTgoes 
low. When the sampling switch closes at the start of the S/H 
acquisition time, 8 pF of capacitance isthrown onto the ana- 
log input. One half ClK period later, the sampling switch 
opens, the signal present at analog input is stored and con- 
version starts. Since any error on the analog input at the end 
of the S/H 
acquisition time will cause additional conversion 


error, care should be taken to insure adequate settling and 
charging time from the source. If more charging or settling 
time is needed to reduce these analog input errors, a longer 
ClK period can be used. 


Each analog input has dual diodes to the supply rails, and a 
minimum of ±25mA 
(±l00mA 
typically) can be injected 


into each analog input without causing latchup. 
1.4 
Reference 


The voltage applied to the +VREF and - VREF inputs defines 
the voltage span of the analog input (the difference between 


VINMAX and VINMIN) over which the 256 PQssibleoutput 
codes apply. The devices can be used in either ratiometric 
applications or in systems requiring absolute accuracy. The 
reference pins must be connected to a voltage source capa- 
ble of drivi ng the reference input resistance, typically 20 k. 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the AID 
reference. This voltage 
istypically the system power supply, so the +VREF pin can be 
tied to Vcc 
and - VREF tied to GND. This technique relaxes 
the stability requirements of the system reference asthe ana- 
log input and AID 
reference move together maintaining the 


same output code for a given input condition. 


R>rabsolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference pins can be biased 
with a time and temperature stable voltage source. 


+VREF and - VREF can be at any voltage between Vcc 
and 


GND. In addition, the difference between +VREF and - VREF 
can be set to small values for conversions over smaller 
voltage ranges. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sources 
when operating with a reduced span due to the increased 
sensitivity of the converter. 
1.5 
PowerSupply and Reference Decoupling 


A lO/oIFelectrolytic capacitor is recommended to bypass Vcc 
to GND, using asshort a lead length as possible. In addition, 
with clock frequencies above 1MHz, a O.l/o1Fceramic disc 
capacitor should be used to bypass Vcc 
to GND. 


If REF+ and REF- inputs are driven by long lines, they should 
be bypassed by O.l/o1Fceramic disc capacitors at the reference 
input pins (pins 12,16). 


1.6 
Dynamic Performance 


Signal-ta-Noise Ratio 
Signal-ta-noise ratio (SNR)isthe measured signal to noise at 
the output of the converter. The signal isthe rms magnitude 
of the fundamental. Noise isthe rms sum of all the nonfunda- 


mental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more the levels, the smaller the 
quantization noise. The theoretical SNRfor a sine wave is 
given by 


SNR - 
(6.02N + 1.76)dB 


where N isthe number of bits. Thus for ideal 8-bit converter, 
SNR - 49.92dB. 
Harmonic Distortion 
Harmonic distortion isthe ratio of the rms sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
Ml2252 or Ml2259 
are defined as 


(V22 
+ V32 
+ V42 
+ VS2)1/2 


20 log - 
--------- 
V1 


where V1 is the rms amplitude of the fundamental and V2, 


V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 
Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fA 
and fB, any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and difference 
frequencies of mfA + nfB, where m, n -0,1,2,3 
... Inter- 


modulation terms are those for which m or n is not equal to 
zero. The (IMD) intermodulation 
distortion specification 
includes the second order terms (fA + fB) and (fA - fB) and 
the third order terms (2fA + fB), (2fA - fB), (fA + 2fB), and 
(fA - 
2fB) only. 


1.7 
Digitallnterface 
The analog inputs are selected by the digital addresses, 
ADDRD-ADDR2, and latched on the rising edge of ALE. This 
is described in the Multiplexer Addressing section. 


A conversion is initiated by the rising edge of a STARTpulse. 
As long asthis pulse is high, the internal logic is reset. 


The sampling interval starts with the following ClK rising 
edge after a STARTfalling edge and ends on the falling edge 
of ClK. The conversion starts and EOC goes low. The sam- 
pling clock is at least one half ClK period wide. Each bit 
conversion in the successive approximation 
process takes 1 


ClK period. On the rising edge of the ninth ClK pulse, the 
digital output of the conversion is updated on the outputs 
DBD-DB7 and EOC goes high indicating the conversion is 
done and data on DBO-DB7 is valid. 


One feature of the Ml2252 
and Ml2259 
isthat the data is 


double buffered. This means that the outputs DBO-DB7 will 
stay valid until updated atthe end of the next conversion and 
will not become invalid when the next conversion starts. This 
facilitates interfacing with external logic of /oIP. 


The signal OE drives the data bus, DBO-DB?, into the 
high impedance 
state when 
held low. This allows the 


Ml2252 
and Ml2259 
to be tied directly 
to a IlP system 
bus without 
any latches or buffers. 
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1.7.1 
Restart During Conversion 


Ifthe AID is restarted (start goes low and returns high) during 
a conversion, the converter is resetand a new conversion is 
started. The output data latch is not updated if the conversion 
in process is not allowed to be completed. EOCwill remain 
low and the output data latch is not updated. 


1.7.2 
Continuous 
Conversions 


In the free-running, continuous conversion mode, the start 
input istied to the (Figure 7) EOC output. An initialization 
pulse, following power-up, of momentarily forcing a logic 
high level is required to guarantee operation. 
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TOTAL 
UNADJUSTED 
ERROR 


TEMPERATURE 
RANGE 


ML2252BMJ 
±'hLSB 
- 55°C to + 125°C 
HERMETIC 
DIP ()20) 


ML2252BIJ 
-40°C 
to +85°C 
HERMETIC 
DIP ()20) 


ML2252BCP 
O°Cto 
+70°C 
MOLDED 
DIP (P20) 


ML2252BCQ 
OOCto +70°C 
MOLDED 
PCC (Q20) 


ML2252C1J 
±1 LSB 
-40°C 
to +85°C 
HERMETIC 
DIP ()20) 


ML2252CCP 
O°Cto 
+70°C 
MOLDED 
DIP (P20) 


ML2252CCQ 
O°Cto 
+70°C 
MOLDED 
PCC 
(Q20) 


ML2259BMJ 
±'hLSB 
- 55°C to + 125°C 
HERMETIC 
DIP ()28) 


ML2259BIj 
-40°C 
to +85°C 
HERMETIC 
DIP ()28) 


ML2259BCP 
O°Cto 
+70°C 
MOLDED 
DIP (P28) 


ML2259BCQ 
O°Cto 
+70oC 
MOLDED 
PCC 
(Q28) 


ML2259CIj 
±lLSB 
-40°C 
to +85°C 
HERMETIC 
DIP ()28) 
ML2259CCP 
O°Cto 
+70°C 
MOLDED 
DIP (P28) 
ML2259CCQ 
O°Cto 
+70°C 
MOLDED 
PCC 
(Q28) 
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p,P Compatible 8-Bit AID Converter 
with 8-Chan nel Mu Itiplexer 


The ML2258 combines an 8-bit AID converter, 8-channel 
analog multiplexer, 
and a microprocessor 
compatible 
8-bit 


parallel interface and control 
logic in a single monolithic 


CMOS device. 


Easy interface to microprocessors 
is provided 
by the 


latched and decoded 
multiplexer 
address inputs and 


latched three-state outputs. 


The device is suitable for a wide range of applications 
from 


process and machine control to consumer, automotive, 
and telecommunication 
applications. 


The ML2258 is an enhanced pin compatible 
second 


source for the industry standard ADC0808/ADC0809. 
The 


ML2258 enhancements 
are faster conversion 
time, true 


sample and hold function, 
superior power supply rejec- 


tion, wider reference range, and a double buffered data 
bus as well as faster digital timing. All parameters are 
guaranteed over temperature 
with a power supply voltage 


of 5V± 10%. 


• 
Conversion 
time 
• 
Total unadjusted 
error 
• 
No missing codes 
• 
Sample and hold 
390ns acquisition 
• 
Capable 
of digitizing 
a 5V, 50kHz 
sine wave 


• 
8-input 
multiplexer 
• 
OV to SV analog 
input 
range with 
single SV 


power 
supply 
• 
Operates 
ratiometrically 
or with 
up to SV 


voltage 
reference 
• 
No zero or full scale adjust 
required 
• 
Analog 
input 
protection 
2SmA per input 
min 
• 
Low power 
dissipation 
3mA max 


• 
TIl 
and CMOS 
compatible 
digital 
inputs and 


outputs 
• 
Standard 
28-pin 
DIP or surface 
mount 
PCC 


• 
Superior 
pin compatible 
replacement 
for ADC0808 
and ADC0809 


6.6/los 


± 1/2lSB 
or ± llSB 


• 


INO 


INT 


IN2 


IN3 


8-CHANNEL 


IN4 
MULTIPLEXER 


INS 


IN6 


IN7 


ADDRO 
ADDRl 
ADDRESS 


ADDR2 
LATCH 
AND 


ADDRESS 
DECODER 


LATCH ENABLE 


THREE 
STATE 
OUTPUT 
LATCH 
BUFFER 


I I 
L 
J 


Vcc 
GND 
+ VR" 
- VR" 
OUTPUT 
ENABLE 
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PIN CONNECTIONS 


ML2258 
28-PIN DIP 


IN3 
IN2 


IN4 
27 
IN1 


IN5 
26 
INO 


IN6 
25 
ADDRO 


IN7 
24 
ADDR1 


5TART 
23 
ADDR2 


EOC 
22 
ALE 


DB3 
21 
DB7 


OE 
20 
DB6 


CLK 
10 
19 
DBS 


VCC 
11 
lB 
DB4 


+ VREF 
12 
17 
DBO 


GND 
13 
16 
- 
VREF 


DB1 
14 
15 
DB2 


TOPVIEW 


PIN DESCRIPTION 


ML2258 


28-PIN pcc 


ADDRO 


ADDR1 


PIN NO. 
NAME 


1 
IN3 
2 
IN4 


3 
INS 
4 
IN6 


5 
IN7 
6 
START 


7 
EOC 


FUNCTION 
PIN NO. 
NAME 
FUNCTION 
AnalDg input 3. 
13 
GND 
Ground. OV,all analDg and digital in- 
Analog input 4.. 
puts Dr DUtpUtSare reference to this 


AnalDg input 5. 
pDint. 


Analog input 6. 
14 
DB1 
Data DUtpUt 1. 


AnalDg input 7. 
15 
DB2 
Data DUtpUt 2. 


Start Df cDnversiDn. Active high 
16 
- VREF 
Negative reference vDltage. 


digital input pulse initiates 
17 
DBO 
Data output O. 


cDnversiDn. 
- 
18 
DB4 
Data DUtpUt 4. 
End Df cDnversiDn. This DUtpUt goes 
19 
DB5 
Data output 5. 
IDw after a START pulse Dccurs, stays 
20 
DB6 
Data DUtpUt 6. 


IDw fDr the entire AID cDnversiDn, 
and gDes high after cDnversiDn is 
21 
DB7 
Data output 7. 


cDmpleted. Data Dn DBO-DB7 is 
22 
ALE 
_Address latch enable. Input tD latch 


valid Dn rising edge Df EOC and stays 
in the digital address (ADDR2-0l 
Dn 


valid until next EOC rising edge. 
the rising edge Df the multiplexer. 


Data DUtpUt 3. 
23 
ADDRO 
Address input 0 tD multiplexer. 


Output enable input. When OE ~O, 
Digital input fDr selecting analog 


DBO-DB7 are in high impedance 
input. 


state; OE -1, 
DBD-DB7 are active 
24 
ADDR1 
Address input 1 tD multiplexer. 


DUtpUtS. 
Digital input fDr selecting analDg 


CIDck. CIDck input provides timing 
input. 


fDr AID cDnverter, S/H, and digital 
25 
ADDR2 
Address input 2 tD multiplexer. 


interface. 
Digital input fDr selecting analDg 


PDsitive supply. 5V ± 10%. 
input. 


Positive reference vDltage. 
26 
IND 
Ana!Dg input O. 


27 
IN1 
AnalDg input 1. 
28 
IN2 
AnalDg input 2. 


DB3 
OE 
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ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


Supply Voltage, 
Vcc- . 


Voltage 


Logic Inputs.. 
.. -0.3VtoVcc+0.3V 


Analog 
Inputs.. 
. ......•..... 
-O.3V 
to Vcc+0.3V 


Input Current 
per Pin (Note 2) 
..... 
± 25mA 


Storage Temperature. 
. . 
. . - 65°C to + 150°C 


Package Dissipation 


atTA-25°C 
(Board Mount) 
....•........... 
875mW 


Lead Temperature 
(Soldering 
10 sec.) 
Dual-In-Line 
Package (Plastic) ..... 


Dual-in-Line 
Package (Ceramic). 
. ..... 
T' 
••• 


Molded 
Chip Carrier Package 
Vapor 
Phase (60 sec.) .. 
Infrared 
(15 sec.) ... 


Supply Voltage, 
Vcc. 
. . . . . . . . . 
. .. :. 4.5Voc 
to 6.3Voc 


Temperature 
Range (Note 3). . . . . . . 
. . TMIN sTA sT MAX 


ML2258BMj, 
ML2258CMJ 
........•..... 
- 55°C to + 125°C 


ML2258BIJ, 
ML2258BIP 


ML2258BIQ, 
ML2258CIj 


ML2·258C1P, ML2258CIQ 
. . 
. ...•... 
-40°C 
to + 85°C 


PARAMETER 
Converter and Multiplexer 
• 
Total Unadjusted 
Error 
5,7 
VREF~VCC 
±1/2 
±1 
LSB 


+ VREFVoltage 
Range 
6 
- VREF 
Vcc+O.l 
- VREF 
Vcc+0.1 
V 


- VREFVoltage 
Range 
6 
GND-0.1 
+VREF 
GND-0.1 
+ VREF 
V 


Reference 
Input Resistance 
5 
14 
20 
35 
14 
20 
28 
kO 


Analog 
Input Range 
5,8 
GND-O.l 
Vcc+0.1 
GND-0.1 
Vcc+0.1 
V 


Power Supply Sensitivity 
6 
DC 
± 1/32 
±1/4 
± 1132 
±1/4 
LSB 


Vcc-5V±1O% 


100mVp-p 
.± 1/16 
±1/16 
LSB 
100kHz 
Sine on Vcc, 


VIN-O 


'OFF,Off Channel 
Leakage 
5,9 
On Channel-Vcc 
-1 
-1 
p.A 


Current 
(Note 9) 
Off Channel ~ OV 


On Channel ~ OV 
1 
1 
p.A 


OffChannel-Vcc 


'ON, On Channel 
Leakage 
5,9 
On Channel- 
OV 
-1 
-1 
p.A 


Current 
(Note 9) 
Off Channel- 
Vcc 


On Channel- 
Vcc 
1 
1 
p.A 


OffChannel-OV 


V1N(l), Logical "1" 
Input 
5 
2.0 
2.0 
V 
Voltage 


V1N10),Logical "0" 
Input 
5 
0.8 
0.8 
V 


Voltage 


IINll), Logical "1" 
Input 
5 
V1N-VCC 
1 
1 
p.A 


Current 


'INIO),Logical "0" 
Input 
5 
VIN-OV 
-1 
-1 
p.A 
Current 


VOUT(l), Logical "1" 
5 
'OUT~ -2mA 
4.0 
4.0 
V 
Output 
Voltage 


VOUTIO),Logical "0" 
5 
IOUT~2mA 
0.4 
0.4 
V 
Output 
Voltage 


'OUT, Three-State 
Output 
5 
VOUT-OV 
-1 
-1 
p.A 


Current 
VOUT-VCC 
1 
1 
p.A 


Icc, Supply Current 
5 
1.5 
3 
1.5 
3 
mA 
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SYMBOL I 
PARAMETER 
~I 
AC and Dynamic 
Performance 
Characteristics 
(Note 10) 


tACO 
Sample and Hold Acquisition 
J 
4 
l/fClK 


fClK 
Clock 
Frequency 
S 
100 
10240 
kHz 


tc 
Conversion 
Time 
5 
67 
67 +250ns 
l/fClK 


SNR 
Signal to Noise Ratio 
V1N-51 kHz, 5V Sine. 
47 
dB 


fClK -1 0.24MHz 
(fSAMPLlNG= 150kHz). 
Noise is Sum of 
All Nonfundamental 
Components 
up 
to 1/2 of fSAMPLING 


THO 
Total Harmonic 
Distortion 
V1N- 51 kHz, 5V Sine. 
-60 
dB 


fClK - 10.24MHz 
(fSAMPLING= 150kHz). 
THO is Sum of 
2,3,4,5 
Harmonics 
Relative to 
Fundamental 


IMD 
Intermodulation 
Distortion 
V1N-fA +fB· 
fA -49kHz, 
2.5V Sine. 
-60 
dB 
fB-47.8kHz, 
2.5V Sine, 


fClK-10.24MHz 
(fSAMPLING= 150kHz). 
IMD is (fA+ fB), 
. 


(fA - fB), (2fA + fB), (2fA - fB), (fA + 2fB), 
(fA - 2fB) Relative to Fundamental 


FR 
Frequency 
Response 
VIN -0 
to 50kHz. 
5V Sine Relative to 
0.1 
dB 


1kHz 


toc 
Clock 
Duty Cycle 
6,11 
40 
60 
% 
twe 
End of Conversion 
Delay 
5 
8 
8+250ns 
l/fClK 


tws 
Start Pulse Width 
5 
SO- 
ns 


tss 
Start Pulse Setup Time 
6,12 
Synchronous 
Only 
40 
ns 


tWAlE 
Address Latch Enable Pulse Width 
5 
50 
ns 


ts 
Address Setup 
5 
0 
ns 


tH 
Address Hold 
5 
50 
ns 


tHI, HO 
Output 
Enable for DBO-DB7 
6 
Figure 1, Cl - 50pF 
100 
ns 


6 
Figure 1, Cl -lOpF 
50 
ns 


tIH,OH 
Output 
Disable for DBO-DB7 
6 
Figure 1, Cl - 50pF 
200 
ns 


6 
Figure 1, Cl - lOpF 
100 
ns 


C1N 
Capacitance 
of Logic Input 
, 
5 
pF 


COUT 
Capacitance 
of Logic Outputs 
10 
pF 


Note 1: Absolute 
maximum 
ratings are limits beyond 
which 
the life of the integrated 
circuit 
may be impaired. 
All voltages unless 
otherwise 
specified 
are measured 
with 
respect to ground. 
Note 2: When 
the input voltage 
(V1N)at any pin exceeds the power 
supply rails (V1N<V- 
or V1N>V+) 
the absolute 
value of current 
at 
that pin should 
be limited 
to 25mA or less. 


Note 3: - 55°C to + 125°C operating 
temperature 
range devices are 100% tested at temperature 
extremes 
with worst-case 
test 


conditions. 
- 40°C to +85°C 
operating 
temperature 
range devices are 100% tested with temperature 
limits guaranteed 
by 100% 


testing, sampling, 
or by correlation 
with worst-case 
test conditions. 
Note 4: Typicals are parametric 
norm at 25°C. 


Note 5: Parameter 
guaranteed 
and 100% production 
tested. 
Note 6: Parameter 
guaranteed. 
Parameters 
not 100% tested are not in outgoing 
quality 
level calculation. 
Note 7: Total unadjusted 
error includes 
offset, full scale, linearity, 
multiplexer 
and sample and hold errors. 
Note 8: For - VREF",V1N( +) the digital output 
code will be 0000 0000. Two on-chip 
diodes are tied to each analog input which 
will 


forward 
conduct 
for analog input voltages one diode drop below ground 
or one diode drop greater than the Vcc supply. 
Be careful, 


during 
testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated 
temperatures, 
and cause errors for analog inputs near full scale. The spec allows 
1OOmV forward 
bias of either diode. This means that as 
long as the analog V1Nor VREFdoes not exceed the supply voltage by more than 1OOmV, the output 
code will 
be correct. 
To achieve 
an 
absolute 
OVoc to 5Voc input voltage 
range will therefore 
require 
a minimum 
supply voltage of 4.900Voc 
over temperature 
variations, 


initial tolerance 
and loading. 
Note 9: Leakage current 
is measured 
with the clock 
not switching. 


Note 10: Cl - 50pF, timing 
measured 
at 50% point. 


Note 11: A 40% to 60% clock 
duty cycle range insures proper 
operation 
at all clock 
frequencies. 
In the case that an available 
clock 
has a 
duty cycle outside 
of these limits, the minimum 
time the clock 
is high or the minimum 
time the clock 
is low must be at least 40ns. The 


maximum 
time the clock can be high or low is 60l"s. 
Note 12: The conversion 
start setup time requirement 
only needs to be satisfied if a conversion 
must be synchronized 
to a given clock 
rising edge. If the setup time is not met, start conversion 
will have an uncertainty 
of one clock 
pulse. 
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1.1 
MUlTIPLEXER ADDRESSING 


The Ml2258 
contains an 8-channel single ended analog 
multiplexer. 
A particular 
input channel is selected by using 


the address decoder. The relationship 
between the ad- 


dress inputs, ADDRO-ADDR2, 
and the analog input se- 
lected is shown in Table 1. The address inputs are latched 
into the decoder on the rising edge of the address latch 
signal,AlE. 


SELECTED 
ADDRESS INPUT 


ANALOG CHANNEL 
ADDR2 
ADDRl 
ADDRO 


INO 
0 
0 
0 


IN' 
0 
0 
, 


IN2 
',' 
0 
1 
0 
IN3 
0 
, 
1 
IN4 
, 
0 
0 
INS 
, 
0 
, 


IN6 
, 
1 
0 
IN? 
, 
1 
, 


1.2 
AID CONVERTER 


The AID converter 
uses successive approximation 
to per- 
form the conversion. 
The converter 
is composed of the 
successive approximation 
register, the DAC and the 


comparator. 


The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. 
The DAC is com- 


posed of a capacitor 
upper array and a resistor lower 


array. The capacitor 
upper array generates the 4 MSB deci- 


sion levels while the series resistor lower array generates 
the 4 lSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 


The capacitorlresistor 
array offers fast conversion, 
superior 
linearity and accuracy since matching is only required be- 
tween 24_16 
elements (as opposed to 28_ 256 elements in 


conventional 
designs). And since the levels are based on 
the ratio of capacitors to capacitors and resistors to resis- 
tors, the accuracy and long term stability of the converter 


is improved, 
This also guarantees monotonicity 
and no 


missing codes, as well as eliminating 
any linearity tem- 


perature or power supply dependence. 


The successive approximation 
register is a digital block 


used to store the bit decisions from the conversion. 


The comparator 
design is unique in that it is fully differen- 


tial and auto zeroed. The fully differential 
architecture 
pro- 


vides excellent noise immunity, 
excellent 
power supply 


rejection, 
and wide common 
mode range. The compara- 


tor is auto zeroed at the start of each conversion 
in order 


to remove any DC offset and full scale gain error, thus im- 
proving accuracy and linearity. 


Another advantage of the capacitor array approach 
used 


in the Ml2258 
over conventional 
designs is the inherent 
sample and hold function. 
This true S/H allows an accu- 


rate conversion to be done on the input even if the analog 
signal is not stable. Linearity and accuracy are maintained 
for analog signals up to 1/2 the sampling frequency. 
As a 


result, input signals up to 75kHz can be converted 
without 


degradation 
in linearity or accuracy. 


The sequence of events during a conversion 
is shown in 


Figure 5. The rising edge of a START pulse resets the in- 
ternal registers and the falling edge initiates a conversion 
on the next rising edge of ClK. Four ClK pulses later, sam- 
pling of the analog input begins. The input is then sampled 
for the next four ClK periods until EOC goes low. EOC 
goes low on the rising edge of the 8th ClK pulse indicating 
that the conversion 
is now beginning. 
The actual conver- 
sion now takes place for the next 56 ClK pulses, one bit 
for each 7 ClK pulses. After the conversion 
is done, the 


data is updated on DBO-DB7 and EOC goes high on the 
rising edge of the 67th ClK pulse, indicating 
that the 
conversion 
has been completed 
and data is valid on 


DBO-DB7. The data will stay valid on DBO-DB7 until the 
next conversion 
updates the data word on the next rising 
edge of EOC. 


A conversion 
can be interrupted 
and restarted at any time 


by a new STARTpulse. 
• 
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The Ml2258 
has a true sample and hold circuit which 


samples both the selected input and ground simultane- 
ously. This simultaneous 
sampling with a true S/H will give 


common 
mode rejection and AC linearity performance 


that is superior to devices where the two input terminals 
are not sampled at the same instant and where true sample 
and hold capability 
does not exist. Thus, the Ml2258 
can 


reject AC common 
mode signals from DC-50kHz 
as well 


as maintain linearity for signals from DC-50kHz. 


The plot below (Figu re 6) shows a 2048 poi nt FFTof the 
Ml2258 
converting 
a 50kHz, 0 to 5V, low distortion 
sine 


wave input. The Ml2258 
samples and digitizes, at its 


specified accuracy, dynamic 
input signals with frequency 


components 
up to the Nyquist frequency 
(one-half the 


sampling rate). The output spectra yields precise measure- 
ments of input signal level, harmonic components, 
and 


signal to noise ratio up to the 8-bit level. The near ideal 
signal to noise ratio is maintained 
independent 
of increas- 


ing analog input frequencies to 50kHz. 


The signal at the analog input is sampled during the inter- 
val when the sampling switch is open prior to conversion 
start. The sampling window 
(S/H acquisition 
time) is 4 ClK 


periods long and occurs 4 ClK periods after STARTgoes 
low. When the sampling switch closes at the start of the 
S/H acquisition 
time, 8pF of capacitance 
is thrown 
onto 


the analog input. 4 ClK periods later, the sampling switch 
opens, the signal present at analog input is stored and con- 
version starts. Since any error on the analog input at the 
end of the S/H acquisition 
time will cause additional 
con- 


version error, care should be taken to insure adequate set- 
tling and charging time from the source. If more charging 
or settling time is needed to reduce these analog input er- 
rors, a longer ClK period can be used. 
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input has dual diodes to the supply rails, ana a minimum 
of ± 25mA (± 100mA typically) 
can be injected into each 
analog input without 
causing latchup. 


1.4 
REFERENCE 


The voltage applied to the + VREFand - VREFinputs de- 
fines the voltage span of the analog input (the difference 
between VINMAXand VINMIN) over which the 256 possible 
output codes apply. The devices can be used in either ra- 
tiometric 
applications 
or in systems requiring absolute ac- 


curacy. The reference pins must be connected 
to a voltage 
source capable of driving the reference input resistance, 
typically 20k. 


In a ratiometric 
system, the analog input voltage is propor- 


tional to the voltage used for the AID reference. This volt- 
age is typically the system power supply, so the + VREFpin 
can be tied to Vcc and - VREFtied to GND. This technique 
relaxes the stability requirements 
of the system reference 


as the analog input and AID reference move together 
maintaining 
the same output code for a given input 
condition. 


For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference pins can be 
biased with a time and temperature 
stable voltage source. 


In contrast to the ADC0808 and ADC0809, 
the Ml2258 


- VREFand + VREFreference values do not have to be sym- 
metric around one half of the supply. +VREFand - VREF 
can be at any voltage between Vcc and GND. In addition, 
the difference 
between 
+ VREFand - VREFcan be set to 


small values for conversions over smaller voltage ranges. 
Particular care must be taken with regard to noise pickup, 
circuit layout and system error voltage sources when 
operating with a reduced span due to the increased 
sensitivity of the converter. 
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1.5 
POWER SUPPLYAND REFERENCE DECOUPlING 


A lO/lF electrolytic 
capacitor 
is recommended 
to bypass 


Vcc to GND, using as short a lead length as possible. In 
addition, 
with clock frequencies above 1MHz, a 0.1/IF 


ceramic disc capacitor should be used to bypass Vcc to 
GND. 


If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1/IF ceramic disc capacitors at 
the reference input pins (pins 12, 16). 


1.6 
DYNAMIC 
PERFORMANCE 


Signal-to-Noise Ratio 


Signal-to-noise 
ratio (SNR) is the measured signal to noise 


at the output of the converter. 
The signal is the rms magni- 


tude of the fundamental. 
Noise is the rms sum of all the 


nonfundamental 
signals up to half the sampling frequency. 


SNR is dependent 
on the number of quantization 
levels 
used in the digitization 
process; the more levels, the 


smaller the quantization 
noise. The theoretical 
SNR for a 


sine wave is given by 


where N is the number of bits. Thus for ideal8-bit 
con- 


verter, SNR-49.92dB. 


Harmonic Distortion 
Harmonic 
distortion 
is the ratio of the rms sum of harmon- 


ics to the fundamental. 
Total harmonic 
distortion 
(TH D) of 


the Ml2258 
is defined as 


(V '+V 
'+V 
'+V 
')/' 
20 log 
2 
3 
4 
5 


V1 


where V1 is the rms amplitude 
of the fundamental 
and V2, 
V3, V4, Vs are the rms amplitudes 
of the individual 


harmonics. 


Intermodulation 
Distortion 
With inputs consisting of sine waves at two frequencies, 
fA 


and f6, any active device with nonlinearities 
will create 


distortion 
products, of order (m + n). at sum and difference 


frequencies of mfA + nf6, where m,n -0, 
1,2,3, .... Inter- 


modulation 
terms are those for which 
m or n is not equal 


to zero. The Ml2258 
(IMD) intermodulation 
distortion 


specification 
includes the second order terms (fA+ f6) and 


(fA-f6) 
and the third order terms (2fA+f6). 
(2fA -f6). 


(fA+ 2f6) and (fA- 2f6) only. 


1.7 
DIGITAL INTERFACE 
The analog inputs are selected by the digital addresses, 
ADDRO-ADDR2, 
and latched on the rising edge of ALE. 


This is described in the Multiplexer 
Addressing section. 


A conversion 
is initiated by the rising edge of a START 


pulse. As long asthis pulse is high, the internal logic is 
reset. 


The sampling interval starts with the 4th ClK rising edge 
after a STARTfalling edge and ends on the 8th rising edge 
of ClK, 4 ClK periods later. On the rising edge of the 8th 
ClK pulse, the conversion 
starts and EOC goes low. 


Each bit conversion 
in the successive approximation 
proc- 


esstakes 7 ClK periods. On the rising edge of the 64 ClK 
pulse, the digital output of the conversion 
is updated on 


the outputs DBO-DB7. On the rising edge of the 65th ClK 
pulse, EOC goes high indicating 
the conversion 
is done 


and data on DBO-DB7 is valid. 


One feature of the Ml2258 
over conventional 
devices is 


that the data is double buffered. This means that the out- 
puts DBO-DB7 will stay valid until updated at the end of 
the next conversion 
and will not become invalid when the 


next conversion 
starts. This facilitates interfacing 
with ex- 


ternal logic of /lP. 


The signal OE drives the data bus, DBO-DB7, into the high 
impedance 
state when held low. This allows the Ml2258 


to be tied directly to a /lP system bus without 
any latches 


or buffers. 
• 
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+J 10pF 


+J10pF 


Figure 8. Operating with Ratiometric Transducers 15% 
ofVCC:s;VXDR:s;85% ofVcc 
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ALTERNATE 
TOTAL 
TEMPERATURE 


PART NUMBER 
PART NUMBER 
UNADJUSTED 
ERROR 
RANGE 
PACKAGE 


ML2258BMJ 
ADC0808Cj 
-55°Cto 
+125°C 
Hermetic 
DIP U20) 
ML2258BIJ 
A DC0808CCj 
± 1/2LSB 
-40°Cto 
+85°C 
Hermetic 
DIP U20) 


ML2258BIP 
ADC0808CCN 
, 


-40°Cto 
+85°C 
Molded 
DIP (P20) 
ML2258BIQ 
ADC0808CCV 
-40°Cto 
+85°C 
Molded 
PCC (Q20) 


ML2258C1J 
f ~ 
-40°Cto 
+85°C 
Hermetic 
DIP U20) 
ML2258C1P 
ADC0809CCN 
± 1LSB 
-40°Cto 
+85°C 
Molded 
DIP (P20) 


ML2258C1Q 
A DC0809CCV 
-400(to 
+8SoC 
Molded 
PCC (Q20) 
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PRELIMINARY 


ML2261 


pP Compatible High-Speed 8-Bit 
AID 
Converter with T/H (S/H) 


The ML2261 is a high-speed, 
JiP compatible 
8-bit A/D 


converter 
with 
a conversion 
time of 670ns over the 


operating 
temperature 
range and supply voltage 
tolerance. 
The ML2261 operates from a single 5V 


supply 
and has an analog input 
range from 
GND to 
Vcc· 


The ML2261 has two different 
pin selectable 
modes. 
The T/H mode 
has an internal 
track and hold. The S/H 


mode 
has a true internal 
sample and hold and can 


digitize 
0 to 5V sinusoidal 
signals as high as 500kHz. 
Timing 
is compatible 
with the AD7821. 


The ML2261 digital 
interface 
has been designed 
so that 
the device 
appears as a memory 
location 
or I/O port 


to a JiP. 


The ML2261 is an enhanced, 
pin compatible 
second 


source for the industry 
standard ADC0820 and AD7820. 
The ML2261 enhancements 
are faster conversion 
time, 
parameters 
guaranteed 
over the supply tolerance 
and 


temperature 
range, improved 
digital 
interface 
timing, 


superior 
power 
supply 
rejection, 
and better 
latchup 


immunity 
on analog inputs. 


• Conversion 
time, 
WR-RD 
mode 
over temperature 


and supply 
voltage 
tolerance 
Track & Hold 
Mode 
8S0ns max 


Sample & Hold 
Mode 
700ns max 


• Total unadjusted 
error 
±1/2 
LSB or ±1 
lSB 
• Digitizes 
a SY, 2S0kHz sine wave to 8-bit 
accuracy 


• No missing 
codes 
• OV to SV analog 
input 
range with 
single 
SV power 


supply 
• No zero or full scale adjust 
required 
• Analog 
input 
protection 
25mA 
min 
• Operates 
ratiometrically 
or with 
up to 5V voltage 


reference 
• No external 
clock 
required 
• Easy interface 
to JlP' or operates 
stand alone 


• Power-on 
reset circuitry 


• Low power 
7SmW 


• Standard 
20-pin 
DIP or surface 
mount 
PCC 


• Superior 
pin compatible 
replacement 
for ADC0820 


and AD7820 


SHirH 
20-Pin DIP 
20-Pin pee 


OFl 
V'N 
Vcc 
DBO 
vcc 


080 
SHim 
081 
V,N I SH/TH 


DECODE 
087 
081 
Ofl 
3 
2 
1 
20 
19 
lOGIC, 
086 
082 
18 
Ofl 
lATCH 
082 
087 
& 
085 
083 
17 
087 
THREE 
084 
083 
086 


STATE 
083 
WR/RDY 
16 
086 


OUTPUT 
WR/RDY 
085 


8UFFER 
082 
MODE 
15 
085 


081 
MODE 
084 


080 
RD 
cs 
R5 
14 
084 
9 
10 
11 
12 
13 


'NT 
+VREF 
'NT I -VREF I 
cs 
GND 
-VREF 
GND 
+VREf 


1 
~ 


TIMING 


~INT 
TQPVIEW 
& 
TQPVIEW 


CONTROl 
! ! ! 
SH/TH MODE 
cs 
WR/RDY 
RD 
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ML2261 


PIN DESCRIPTION 


PIN NO. 
NAME 
FUNGION 
PIN NO. 
NAME 
FUNGION 


1 
VIN 
Analog input. 
10 
GND 
Ground. 


2 
DBO 
Data output 
- 
bit 0 (LSB). 
11 
-VREF 
Negative reference 
voltage for 


3 
DB1 
Data output 
- 
bit 1. 
ND 
converter. 


4 
DB2 
Data output 
- 
bit 2. 
12 
+VREF 
Positive reference 
voltage for 


ND 
converter. 


5 
DB3 
Data output 
- 
bit 3. 
CS 
Chip select input. This pin must 
13 


6 
WR/RDY 
Write input 
or ready outp...!!!:-'n 
be held low for the device to 


WR-RD mode, this pin is WR 
perform 
a conversion. 


input. 
In RD mode, this pin is 
14 
DB4 
Data output 
- 
bit 4. 
RDY open drain output. 
See 
Digital Interface 
section. 
15 
DBs 
Data output 
- 
bit 5. 


7 
MODE 
Mode select input. 
16 
DB6 
Data output 
- 
bit 6. 


MODE = GND: RD mode 
17 
DB7 
Data output 
- 
bit 7 (MSB). 
MODE = Vcc: WR-RD mode 
Pin has internal 
current 
source 
18 
OFL 
Overflow 
output. 
This output 


pulldown 
to GND. 
goes low at end of conversion 


8 
RD 
Read input. 
In RD mode, this 
if VIN is greater than 
+VREF- 'hLSB. 
pin initiates a conversion. 
In 
19 
SH/TH 
S/H0ZH 
mode select. When 
IJI 
WR-RD mode, this pin latches 
data into output 
latches. See 
SH/TH = VCG the device 
is in 


Digital Interface section. 
sam~ 
and hold mode. When 


9 
INT 
Interrupt 
output. 
This output 
SH/TH = GND, the device 
is in 


track and hold 
mode. Pin has 
signals the end of a conversion 
internal 
pulldown 
current 
and indicates that data is valid 
source to GND. 
on the data outputs. 
See Digital 


20 
VCC 
Positive supply. +5 volts ± S%. 
Interface section. 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


Supply Voltage, Vcc 
6.5V 


Voltage 
logic Inputs 
-Q.3Vto Vcc + O.3V 


Analog Inputs 
-Q.3Vto Vcc + O.3V 
Input Current per Pin (Note 2) 
±25mA 


Storage Temperature 
--6SoCto +150°C 


PackageDissipation 


at TA = 25°C (80ard Mount) 
875mW 
lead Temperature (Soldering 10 sec.) 


Dual-in-line 
Package(plastic) 
260°C 


Dual-In-line Package(Ceramic) 
300°C 


Molded Chip Carrier Package 


Vapor Phase(60 sec.) 
215°C 
Infrared (15 sec.) 
220°C 


Supply Voltage, Vcc 
4.5Voc to 6.0Voc 


Temperature Range(Note 3) 
TM1NS TAS TMAJ( 


M12261BIj, M12261C1j 
-4Q°C to +85°C 


Ml2261BCQ, M12261CCQ 
M12261BCp,M12261CCP 
O°Cto +70°C 
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ELECTRICAL 
CHARACTERISTICS 


Unless 
otherwise 
specified, 
TA = TM1N to 
TMAJ(, Vcc 
= +VREF = 5V ± 5%, and 
-VREF = GND 


Total Unadjusted 
Error 


Ml2261BXX 
5,7 
VREF 
~ Vcc 
±1/2 
±1/2 
LSB 
Ml2261CXX 
±1 
±1 
l5B 


+VREF Voltage 
Range 
6 
-VREF 
Vcc+0.1 
-VREF 
Vcc+0.1 
V 


-VREF 
Voltage 
Range 
6 
GND-0.1 
+VREF 
GND-0.1 
+VREF 
V 


Reference 
Input 
5 
1 
2 
3 
1 
2 
3 
kO 
Resistance 


Analog 
Input 
Range 
5,8 
GND-0.1 
Vcc+0.1 
GND-0.1 
Vcc+0.1 
V 


Power 
Supply 
Sensitivity 
5 
DC 
±1/32 
±1/4 
±1/32 
±1/4 
lSB 


Vcc 
= 5V ± 5%, VREF = 4.75V 


100mVp-p 
±1/16 
±1116 
lSB 


100kHz sine on VCO 
V1N = 0 


Analog 
Input 
leakage 
5,9 
. Converter 
Idle 
-1 
+1 
-1 
+1 
pA 
Current 
' , 


Analog 
Input 
Capacitance 
During 
Acquisition 
Period 
45 
45 
pF 


V1N11,logical 
"1" 'Input 
WR, RD, CS 
2.0 
2.0 
V 


5 
Voltage 
MODE, 
SHITH 
Vcc-o.5 
Vcc-o·5 
V 


V1N10,Logical 
"0" 
Input 
WR, RD, CS 
0.8 
0.8 
V 


5 
Voltage 
MODE, 
SH/TH 
0.5 
0.5 
V 


IINll' 
logical 
"1" 
WR, RD, CS 
1 
1 
pA 


Input 
Current 
5 
V1H = Vcc 


MODE, 
SH/TH 
15 
50 
150 
15 
50 
150 
pA 


IINIO~logical 
"0" 
WR, RD, CS 
-1 
-1 
pA 


Input 
Current 
5 
V1L= GND 
MODE, 
SH/TH 
-20 
-20 
pA 


VOUTll, 
logical 
"1" 
5 
'OUT = -2mA 
4.0 
4.0 
V 
Output 
Voltage 


VOUTiO, logical 
"0" 
5 
'OUT = 2mA 
0.4 
0.4 
V 
Output 
Voltage 


'OUT, Three-State 
Output 
VOUT = OV 
-1 
-1 
pA 


5 
Current 
VOUT = Vcc 
1 
1 
pA 


COUT, logic 
Output 
5 
5 
pF 
Capacitance 


C1N, logic 
Input 
5 
5 
pF 
Capacitance 


'co 
Supply 
Current 
5 
CS = WR = RD = "1" 
8 
14 
8 
15.5 
mA 


No Output 
load 
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ElEORICAl 
CHARAOERISTICS 
(Continued) 


Unless otherwise 
specified, 
TA'~ 
TM1N to TMAJ(, Vcc 
~ +VREF ~ 5V ± 5%, -VREF ~ GND, and timing 
measured at 1.4V, 
CL ~ 100pF. 


tCRO, Conversion 
Time, 
5 
RD to INT, MODE 
~ OV 
1060 
1100 
ns 
Read Mode 


tcwR-RO, Conversion 
Time, 
5,9 
WR Falli~ 
- 
690 
Write-Read 
Mode 
Edge to INT, 
SH/TH~Vcc 
650 
700 
740 
ns 


tRO < tiNT, 
- 


MODE 
~ Vcc 
SH/TH~GND 
850 
920 
ns 


SNR, Signal to Noise 
Ratio 
V1N ~ SY, 250kHz 
48 
48 
dB 


Noise 
is sum of all 


nonfundamental 
, 


components 
. 


from 
0-S00kHz_ 


SH/TH 
~ VC0 
MODE 
~ Vcc 


fSAMPLlNG~ 1 MHz 


HD, Harmonic 
Distortion 
V1N ~ SY, 250kHz 
-63 
-63 
dB 


THO 
is sum of 2-Sth 
harmonics 
relative 
to 


fundamental. 


11 


SH/TH 
~ VC0 
MODE 
~ Vcc 


fSAMPLlNG~ 1 MHz 


IMD, 
Intermodulation 
fa ~ 2.5Y, 250kHz 
-60 
-60 
dB 
Distortion 
t· 
fb = 2.5Y, 248kHz 


1MB is (fa + fb), (fa - fb), 
(2fa + fbl, (2fa - fb), 
. 


(fa + 2fb), or (fa - 2fb) 


t 
relative 
to fundamental. 


SH/TH 
= VC0 
MODE 
= Vcc 
fSAMPLlNG= 1 MHz 


FR, Frequency 
Response, 
V1N ~ 5Y, 0-2S0kHz 
±0.1 
±0.1 
dB 


Relative to 1kHz 
. 


SH/TH 
= VC0 
MODE 
= Vcc 


fSAMPLlNG= 1 MHz 


SH/TH 
= Vcc 
4.0 
4.0 
V/J1S 
SR, Slew Rate Tracking 
6 
SH/TH 
= GND 
- 
_25 
.25 
V/J1S 


tROY,CS to ROY Delay 
5 
0 
65 
0 
70 
ns 


tROD, RD Low to 
5, 10 
Figure 1 
1060 
1100 
ns 
ROY Delay 


tcss. CS to RD, WR 
5 
0 
0 
ns 
Setup Time 


tCSH, CS to RD, WR 
5 
0 
0 
, 
ns 
Hold 
Time 


.!!:B.o, Conversion 
Time 
- 
5, 10 
1060 
1100 
ns 
RD Low to INT Low 
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II:LI:'-II'.I'-"'L 
,-,11",1""",,,",,,. L." •...••• ""'...• \,"-VlllIIIU'CUj 
Unless 
otherwise 
specified, 
TA = TMIN to 
TMAX, Vcc 
= +VREF = 5V ± 5%, -VREF = GND, 
and 
timing 
measured 
at 1.4Y, 
CL = 100pF 


kcQ, 
Data Access Time 
5 
tCRD 
tCRD+30 
tCRD 
tCRD+30 
ns 


RD to Data Valid 


tRDPW, RD Pulse Width 
5 
tCRD+30 
tCRD+30 
ns 


tINTH, RD to INT Delay 
5,10 
0 
65 
0 
70 
ns 


.!m:!, Data Hold 
Time 
- 
6, 10 
Figure 
1 
0 
50 
0 
60 
ns 
RD Rising Edge to Data 
High 
Impedance 
State 


tp, Delay Time 
Between 
5, 10 
Sam~ 
& Hold 
Mode, 
300 
325 
ns 
Conversions 
- 
INT Low 
SH/TH 
~ VCC 
to RD Low 
Track & Hold 
Mode, 
240 
260 
ns 


SH/TH 
~ GND 


tess. CS to RD, WR 
5 
0 
0 
ns 
Setup Time 


tCSH, CS to RD, WR 
5 
0 
0 
ns 
Hold 
Time 


twlV WR Pulse Width 
5 
SH/TH 
~ VCC 
170 
50K 
180 
50K 
ns 


6 
SH/TH 
~ GND 
320 
50K 
360 
50K 
ns 


tRD, Rea~ime 
- 
WR 
5 
tRD < tlNTL 
275 
290 
ns 
High 
to RD Low Delay 


tRI, RD to INT Delay 
5, 10 
tRD < tlNTL 
0 
255 
0 
270 
ns 


tACl:1LData Access Time 
5 
tRD < tlNTl 
0 
260 
0 
280 
ns 
- 
RD Low to Data Valid 


tCW&RP' Conversion 
Time 
5,9,10 
tRD < tlNTu SH/TH 
~ Vcc 
650 
700 
690 
740 
ns 
=-WR Falling 
Edge to 
tRD < tlNTu SHITH = GND 
INT Low 
6,9,10 
850 
920 
ns 


tlNTu Internal 
Comparison 
5,10 
tRD > tlNTL 
650 
670 
ns 
Time 
- 
WR Rising Edge 


to INT Low 


tACQ...Data Access Time 
5 
tRD > tlNTL 
0 
SO 
0 
60 
ns 


- 
RD to Data Valid 


.!oo, Data Hold 
Time 
- 
6,10 
Figure 
1 
0 
50 
0 
60 
ns 
RD Rising Edge to Data 
High 
Impedance 
State 


t'NTH, RDI to INT! 
Delay 
5,10 
0 
65 
0 
70 
ns 


tp, Delay Time 
Between 
5, 10 
Sam~ 
& Hold 
Mode, 
300 
325 
ns 
Conversions 
- 
INT Low 
SH/TH = VCC 
to WR Low 
Track & Hold 
Mode, 
240 
260 
ns 


SH/TH = GND 


tlHWIV WRI 
to INTI 
Delay 
5,10 
Standalone 
Mode 
0 
100 
0 
110 
ns 


tlD, INTI to Data 
5,10 
Standalone 
Mode 
0 
20 
0 
30 
ns 
Valid Delay 
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Note 4: 
Note 5: 


Note 6: 


Note 
7: 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 
When the voltage at any pin exceeds the power supply rails (V1N < GND or V1N > Vccl the absolute value of current at that pin 
should be limited to 25mA or less. 
O·C to +70·C and -40·C to +85·C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% 


testing, 
sampling, 
or by correlation 
with 
worst·case 
test conditions. 


Typicals 
are 
parametric 
norm 
at 25°C. 


Parameter guaranteed and 100% production 
tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing 
quality level calculation. 


Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. Total unadjusted error is tested at the 
minimum 
specified times for WR, RD, tRI,and tp. for example, for the ML2261XCXin the sample and hold mode, WR/RD mode: tWR= 
170ns, tRO3 275ns with a frequency of 1.00MHz (cycle time of 1000ns). 
for -VREf'2: V1N the digital output code will beסס ooסס oo. Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at 
low Vcc levels (4.5Vl, as high level analog inputs (5V) can cause this input diode to conduct - 
especially at elevated temperatures, and 
cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog 
V1N or VR" does not exceed the supply voltage by more than 100mY,the output code will be correct. To achieve an absolute OVoe to 
SVoe input voltage range will therefore require a minimum supply voltage of 4.900Voe over temperature variations, initial tolerance and 
loading. 


Conversion 
time, 
write-read 
mode'" 
tWR 
+ tRO + tRio 
Defined from the time an output crosses 0.8V or 2.4V. 
• 


DATA 
OUTPUT~ 


10PFT 


Ski 


Vcc 


Vcc 
90% 
4-. 
OUTPUT 
ENABLE 


DATA 
IOHR: 


OUTPUT 


lOPFT 


Vcc 


OUTPUT 
VOl 
VOl+l00mV 
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• IN SAMPLE & HOLD 
MODE 
A PULL UP RESISTOR 


ON 
ROY SHOULD 
NOT BE USED 
UNLESS 


CSI IS 2: 20ns 
BEFORE RDI. 


- 
~tlO 


DUO-DBl -----)-----l :~l~f)- 
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The ML2261 uses a two stage flash technique for AID 
conversion. This technique first performs a 4 bit flash 
conversion on V1Nto determine the 4 M5B's. These 
4 M5B's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 L5B's of 
the output data word. An additional overrange function 
detects if V1Nis greater than +VREF - Y2L5B. 


1.1 
ANALOG INPUT 


The analog input on the ML2261 behaves differently 
than inputs on conventional 
converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 


The equivalent input circuit for the converter is shown 
in Figure 6. When the conversion starts in the T/H 
mode (WRI in the WR-RD mode or RDI in the RD 
mode) 51, 54 and 56 close and 53 opens. This period is 
known as the acquisition period where the M5B flash 
converter tracks the input signal and the L5B flash 
converter samples it. During this period, V1Nis 
connected to the 16 M5B and 15 L5B comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined 
RONresistance of the internal 


analog switches plus any external source resistance, Rs. 
In addition, there is a stray capacitance of approximately 
11 pF that needs to be charged through the external 
source resistance Rs.This period ends in the WR-RD 
mode when WRI or by an internal timer in the RD 
mode. At this point 51 and 54 open and the analog 
input at V1Nis no longer being sampled; thus during 
this time the analog voltage on V1Ndoes not affect 
converter performance. 


S1 


R~N 
~~~.~~ 


TOMS ~Cr---J 
~·"I·* '\ 


LADDER 
S2 
."=" 1S3 


16 MSB COMPARATORS 
"=" 


::: 
S4~~~~~ 


TO lS ----oY o-±. __='1 '\ S6 


LADDER 
SS 
~ 
.6SpF 
"=" 4 


15 lSB COMPARATORS 


As shown above, the critical period for charging up the 
analog input occurs when the M5B and L5B 
comparators are sampling the input, known as the 
acquisition period. The sourc'e of the external signal on 
V1Nmust adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least SOnsbefore the end of the acquisition 
period so that the M5B comparators have adequate 
time to make the correct decision. If more time is 
needed due to finite-Sharging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 


When the ML2261 operates in the 5/H 
mode (pin 19 = 
Vcd both the M5B and the L5B flash converter perform 
a true sample and hold operation during the 
acquisition or samRfu!g period. This period starts after 
th~ling 
edge of INT and ends with the falling e~ 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled 
and must satisfy a minimum 
of tp_ 


During this period 51, 53, 54 and 56 close, therefore 46 
pF of input capacitance must be charged up in addition 
to the 11 pF of stray capacitance. 
• 


1.2 
TRACKAND HOLD vs. SAMPLEAND HOLD 


The M5B Flash Converter of the ML2261 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the M5B comparators directly 
in the M5B compare cycle, or acquisition period. When 
the M5B compare cycle ends, the state of the M5B 
comparators is latched. The L5B Flash Converter always 
performs a 5/H 
operation. Thus, the analog input signal 
can be changing during the M5B compare cycle, or 
acquisition period, and the M5B comparators will be 
tracking it as long as the slew rate of the analog input 
is slow enough so that the M5B comparators can 
respond. The ML2261 can track and hold signals with 
slew rates as high as .25V/f.1s 
(16kHz @ 5 volts) without 
sacrificing conversion accuracy. 


The ML2261 in 5/H 
mode does not have the slew rate 


limitation 
of the T/H mode since an internal sample and 


hold acquires the analog signal, holds it internally, and 
then performs a conversion. 5ince this is a true sample 
and hold function, the 5/H 
mode can theoretically 


digitize signals of frequencies much higher than the 
T/H mode. The ML2261 in 5/H 
mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4V/f.1S) without 
sacrificing conversion 
accuracy. In most applications, the 5/H 
mode is more 


desirable than T/H mode because of the better dynamic 
performance. 
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1.2.1 
CONVERTER - 
T/H MODE 


The operating sequence for the WR-RD mode is 
illustrated in Figure 7a,jD.itially, the internal comparators 
are auto-zeroed while WR is h~ 
A conversion is 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the input is 
being acquire~ 
sampled by LSBcomparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSBacquisition time is ended by 
c1osin&...!h-esampling switch to the LSBcomparators. 
While WR is high, the LSBcomparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's.When the 
LSB comparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latches. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 


The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, exce(;11.!he 
conversion is initiated by the falling edge of RD, and 
the MSB and LSBconversions are generated by internal 
clock edges that are generated while RD is low. 


\__/ 


1.2.2 
CONVERTER - 
S/H 
MODE 
The operating sequence for S/H mode is illustrated in 
Figure 7b. Notice that it is similar to T/H mode 
described above except this mode hasJ!...!!"uesample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 
the analog input is sampled at the same time all __ 
comparators are auto-zeroed. The falling edge of WR 
opens the internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sign~he 
MSB comparators make 
their decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are latched. The LSB 
comparators make their decision when WR is high. 
When the LSBcomparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output 
buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 


The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by internal clock edges that 
are generated while RD is low. 


I- 
-I.. 
-I- 
-I 
ALL COMPARATORS 
ACQUISITION 
LSB 
AUTOZEROED. 
PERIOD. 
MSB 
COMPARATORS 
COMPARATORS 
DECIDING. 


ARE TRACKING 
YIN. lSB 
COMPARATORS 


1 


ARE SAMPLING 1 
t 


V'N. 
I 


CONVERSION 
VON SAMPLING 
R5 BROUGHT 
LOW 
STARTS. 
ENDS. 
MSB 
LATCHES LSB 


COMPARATOR 
COMPARATOR 
RESULTS ARE 
RESULTS AND 
lATCHED. 
BRINGS 
INT LOW. 


ACQUISITION 
OR SAMPLING 
PERIOD. 
ALL 


COMPARATORS 
AUTOZEROED. 


MSB 
COMPARATORS 
DECIDING. 


CONVERSION 
STARTS. 
VIN SAMPLING 
ENDS. 
HOLD 
TIME STARTS. 


MSB 
COMPARATOR 
RESULTS ARE 
lATCHED. 


LSB 
COMPARATORS 
DECIDING. 


R5 BROUGHT 
LOW 


LATCHES LSB 
COMPARATOR 
RESULTS AND 
BRINGS 
INT LOW. 
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1.3 
REFERENCE 


The +VREFand -VREFinputs are the reference voltages 
that determine 
the full scale and zero input voltages, 


respectively, for the AID converter. Thus, +VREFdefines 
the analog input which produces a full scale output and 
-VREFdefines the analog input which produces an 
output code of all zeroes. The transfer function 
for the 


AID converter 
is shown in Figure 8. 


+VREFand -VREFcan be set to any voltage between GND 
and Vcc. This means that the reference voltages can be 
offset from GND and the difference between 
+VREF+and 
-VREF-can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+VREF- (-VREF)]decreases. 
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11111110 
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1.4 
POWER SUPPLYAND REFERENCEDECOUPLINC 


A 0.1JlFceramic disc capacitor is recommended 
to 


bypass Vcc to GND, using as short a lead length as 
possible. 


If REF+and REF- inputs are driven by long lines, they 
should be bypassed by O.1JlFceramic disc capacitors at 
the reference input pins. 


1.5.1 
SINUSOIDAL INPUTS 


Since the ML2261 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically 
be 112 the sampling rate (fs)' Any frequency 


components 
above fs/2 will be aliased below fsl2. In 
most applications, these aliased components 
cause 
unacceptable distortion 
and must be filtered out of the 


input. If the input frequency 
is too close to fs/2, then 
the requirements 
on the anti-alias filter become difficult 


to impossible to realize with standard component 
and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 113 to 1/4 of fmax 
in order to relax the filtering 
requirements 
enough to 


make a realizable anti-alias filter. 


The maximum sampling rate (fmax) for the ML2261 in 
the WR-RD mode, (tRD< tlNn) can be calculated as 
follows: 


f 
= 
1 
max 
tWR + tRD + tRI + tp 


1 
fmax = 170ns + 275ns + 255ns + 300ns 


fmax = 1.00 MHz 


tWR = Write Pulse Width 


tRD = Delay Time between WR and RD Pulses 


tRI = RD to INT Delay 


tp = Delay Time between Conversions 


This permits a maximum sampling rate of 1MHz for the 
ML2261. The dynamic performance 
specifications (SNR, 


HD, IMD, and FR)for the ML2261 are all specified at 
250kHz, which is approximately 
1/4 of the sampling 
rate, fs. 


In applications where aliased frequency 
components 


are acceptable and filtering of the input signal is not 
needed or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency 
increases above 


500kHz, dynamic performance 
degradation will occur 
due to the finite bandwidth 
of the internal sample and 


hold. 


The Figure 9 plots are 4096 point FFT'sof the ML2261 
converting a 257kHz and a 491kHz, 0 to 4.5Y, low 
distortion 
sine wave input. The ML2261 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components 
up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent 
of increasing analog input 


frequencies to 500kHz. 


• 


1.5.2 
SICNAL·TO·NOISE RATIO 


Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. 
Noise is the rms 


sum of all the nonfundamental 
signals up to half the 
sampling frequency. SNR is dependent 
on the number 


of quantization 
levels used in the digitization 
process; 


the more the levels, the smaller the quantization 
noise. 


The theoretical 
SNR for a sine wave is given by 


SNR = (6.02N + 1.76) dB 


where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 
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1.5.3 
HARMONIC DISTORTION 


Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion 
(THD) of the ML2261 is defined as 


(Vi 
+ V32 + vi + VS2)Y2 
20 log = 
- 
---- - - 
-- 
V1 


where V1 is the rms amplitude of the fundamental and 
V2, V3, V'" Vs are the rms amplitudes of the individual 
harmonics. 


1.5.4 
INTERMODULATION DISTORTION 


With inputs consisting of sine waves at two frequencies, 
fA and fs, any active device with nonlinearities will 
create distortion 
products, of order (m + n), at sum and 


difference frequencies of mfA + nfs, where m, n = 0, 1, 
2, 3 ... 
Intermodulation 
terms are those for which m 


or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(fA + fs) and (fA - fs) and the third order terms 
(2fA + fs), (2fA - fs), (fA + 2fs), and (fA - 2fs) only. 


1.6 
DIGITAL INTERFACE 


The ML2261 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 


1.6.1 
RD MODE 


In the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the pP to start a 
conversion, wait, and then read data with a single read 
instruction. 


The timing for th~D 
mode is shown in Figure 2. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 
that the device is ready to do a conversion. The 
_ 


conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSBdecisions are made with 
internally generated clock edges. When the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 
outputs go from high impedance to active sta!~_with_ 
valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp!!L... 
data lines return to the high impedance state and INT 
returns high. A pull up resistor on RDY in the sample 
and hold mode will cause clock iQkction, degrading 
the total unadjusted error, unless CSI is 2 20ns before 
RDl. 


1.6.2 
WR-RD MODE 


In the WR-RD mode, the WR/RDY pin is configured as 
the WR input. lr1.J!1ismode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 


1.6.3 
WR-RD MODE - 
USING INTERNALDELAY 


(tRD > tINTl) 
The timing is shown in Figure 3. To do a conversion, 
CS must be low to select the devic~en, 
WR falling 
edge triggers the conversion~hile 
WR is low, the MSB 
comparison is made. When WR returns higilJhe 
LSB 
decision is made. After some internal delay, INT goes 
low indicating e~of 
conversion. Valid data will appear 
on DBO-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 
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1.6.4 
WR-RD 
MODE 
- 
READING 
BEFORE DElAY 


(IRD< tINTl) 
The internally generated delay for the LSBdecision 
when tRD> IINTLis longer than necessary due to 
circuit design tolerances of tlNTLdelay. If desired, a 
faster conversion will result without 
loss of accuracy by 


bringing 
RD low within the minimum time specified for 


tRD.The timing diagram for this mode is shown in 
Figure 4. WR is the same as when tRD>J!J,rrL'But in 
this case, RD is brougb!.J9w tRD ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallin~dge 
of RjLand is reset 


on the risin~dge 
of RD or CS. When RD is brought 


low before INT goes low the data~s 
always remains 
in the high-impedance 
state until INTI. 


1.6.5 
WR-RD 
MODE 
- 
STAND ALONE OPERATION 


StanQ..i!.loneoperation can be implemented 
by tying CS 


and RD low as shown in Fig~5. 
WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When0:YR goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will aRQgarautomaticallY..M end of 
conversion. Sir:!f~.RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 


1.6.6 
POWER-ON 
RESET 


When power is first applied, <'lIl.-.internalpower-on 
reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2261 from starting in 
an unknown state. During this period of approximately 
3f.Js, INT remains high and the data bus is in the high- 
impedance state. 
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TOTAL 


, 


TEMPERATURE 


PARTNUMBER 
UNADJUSTED ERROR 
RANGE 
PACKAGE 


ML2261Blj 
±Y2 LSB 
--40°C to +85°C 
HERMETIC DIP (J20) 


ML2261BCP 
O°C to +70°C 
MOLDED 
DIP (P20) 


ML2261BCO 
O°C to +70°C 
MOLDED 
PCC (020) 


ML2261Clj 
±1 LSB 
-40°C to +85°C 
HERMETIC DIP (j20) 


ML2261CCP 
O°C to +70°C 
MOLDED 
DIP (P20) 


ML2261CCO 
O°C to +70°C 
MOLDED 
PCC (020) 
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ML2264 


4-Channel High-Speed 8-Bit 
AID 
Converter with T/H 
(S/H) 


The ML2264 is a high-speed, 
JiP compatible, 
4-channel 


8-bit AID converter 
with 
a conversion 
time of 680ns 


over the operating 
temperature 
range and supply 


voltage tolerance. 
The ML2264 operates from 
a single 
5V supply 
and has an analog input 
range from 
GND to 


Vcc· 


The ML2264 has two different 
pin selectable 
modes. 
The TIH mode 
has an internal 
track and hold. The SIH 


mode has a true internal 
sample and hold and can 


digitize 
0 to 5V sinusoidal 
signals as high as 500kHz. 


The ML2264 digital 
interface 
has been designed 
so that 


the device 
appears as a memory 
location 
or 1/0 port 
to a JiP. Analog 
input 
channels 
are selected 
by the 
latched 
and decoded 
multiplexer 
address inputs. 


The ML2264 is an enhanced, 
pin compatible 
second 


source for the industry 
standard AD7824. The ML2264 


enhancements 
are faster conversion 
time, parameters 


guaranteed 
over the supply tolerance 
and temperature 
range, improved 
digital 
interface 
timing, 
superior 


power 
supply 
rejection, 
and better 
latchup 
immunity 


on analog 
inputs. 


• Conversion 
time, 
WR-RD 
mode 
over temperature 


and supply 
voltage 
tolerance 
Track & Hold 
Mode 
. .. .. 
830ns max 
Sample & Hold 
Mode 
700ns max 


• Total unadjusted 
error 
±1/2 
LSB or ±1 
LSB 


• Capable 
of digitizing 
a 5\1, 250kHz 
sine wave 


• 4-analog 
input 
channels 
• No missing 
codes 
• OV to 5V analog 
input 
range with 
single 
5V power 
supply 
• No zero 
or full 
scale adjust 
required 
• Analog 
input 
protection 
2SmA min 


• Operates 
ratiometrically 
or with 
up to 5V voltage 


reference 


• No external 
clock 
required 
• Power-on 
reset circuitry 
• Low power 
100mW 


• Narrow 
24-pin 
DIP or surface 
mount 
SOIC 


• Superior 
pin compatible 
replacement 
for AD7824 


vcc 
+VREF 
I I 
A IN 4 
24 
vcc 
A IN 4 
vcc 


A IN 
J 
23 
sHim 
A IN 3 
SHim 


A IN 2 
22 
AO 
A IN 2 
AO 


A IN 1 
Al 
A IN 1 
21 
Al 


DB7 
MODE 
DB7 


MODE 
20 
DB7 
DB6 
DBO 
DB6 


DB5 
DBO 
19 
DB6 


DB4 
OBI 
DB5 


OBI 
18 
DB5 
DB3 
DB2 
DB4 


DB2 
DB2 
17 
DB4 
cs 
DB3 
OBI 
DB3 
16 
cs 
DBO 
R5 
WR/RDY 
R5 
15 
WRIRDY 
INT 
+VREF 


INT 
14 
+VREF 
GND 
-VREF 


GND 
13 
-VREF 
TOP VIEW 
TOP VIEW 


AO 
Al 
INT cs WRIRDY 
R5 
SHim MODE 
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I "l/"',rYlC 
rUI''t\...IIVI"" 
rlN 
'""U. 
NAMI: 
tUNLIIUN 


1 
A IN 4 
Analog input 4. 
15 
WR/RDY 
Write 
input 
or ready outp..QLln 


2 
A IN 3 
Analog input 
3. 
WR-RD mode, this pin is WR 
input. 
In RD mode, this pin is 
3 
A IN 2 
Analog input 
2. 
RDY open drain output. 
See 


4 
A IN 1 
Analog input 
1. 
Digital Interface 
section. 


5 
MODE 
Mode select input. 
16 
CS 
Chip select input. This pin must 
MODE = GND: RD mode 
be held low for the device to 


MODE = Vcc: WR-RD mode 
perform 
a conversion. 


Pin has internal 
current 
source 
17 
DB4 
Data output 
- 
bit 4. 


pulldown 
to GND. 
18 
DB5 
Data output 
- 
bit 5. 
6 
DBO 
Data output 
- 
bit 0 (lSB). 
19 
DB6 
Data output 
- 
bit 6. 
7 
DB1 
Data output 
- 
bit 1. 


20 
DB7 
Data output 
- 
bit 7 (MSB). 
8 
DB2 
Data output 
- 
bit 2. 
21 
A1 
Digital address input 
1 that 
9 
DB3 
Data output 
- 
bit 3. 
selects analog input 
channel. 


10 
RD 
Read input. 
In RD mode, this 
See multiplexer 
addressing 


pin initiates a conversion. 
In 
section. 


WR-RD mode, this pin latches 
22 
AD 
Digital address input 
0 that 


data into output 
latches. See 
selects analog input 
channel. 


Digital Interface section. 
See multiplexer 
addressing 


11 
INT 
Interrupt 
output. 
This output 
section. 


signals the end of a conversion 
23 
SH/TH 
S/H<..1ZHmode select. When 


and indicates that data is valid 
SH/TH = VCG the device 
is in 


on the data outputs. 
See Digital 
sam~ 
and hold mode. When 


Interface section. 
SH/TH = GND, the device 
is in 


12 
GND 
Ground. 
track and hold mode. Pin has 


13 
-VREF 
Negative reference 
voltage for 
internal 
pulldown 
current 


ND 
converter. 
source to GND. 


14 
+VREF 
Positive reference 
voltage for 
24 
Vcc 
Positive supply. +5 volts ± 5%. 


AID 
converter. 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage, Vcc 
.. .•...•........................... 
6.5V 


Voltage 
Logic Inputs 
. . . . . . .. . . . . .. -O.3Vto Vcc + O.3V 


Analog Inputs 
-0.3V to Vcc + O.3V 


Input Current per Pin (Note 2) .....•................ 
±25mA 


Storage Temperature 
-65°C to +150°C 
PackageDissipation 


at TA = 25°C (Board Mount) 
875mW 


LeadTemperature (Soldering 10 sec.) 
Dual-In-Line Package(Plastic) .............•.......... 
260°C 
Dual-In-Line Package(Ceramic) 
300°C 
SOIC 
Vapor Phase(60 sec.) ..................•.......... 
215°C 
Infrared (15 sec.) 
220°C 


Supply Voltage, Vcc 
4.5Voc to 6.0Voc 


Temperature Range(Note 3) 
TMIN S TA S TMAX 


ML2264BMj,ML2264CMJ 
-55°C to +125°C 
ML2264BIj,ML2264C1) 
-40°C to +85°C 


ML2264BCS,ML2264CCS 
ML2264BCp,ML2264CCP 
O°Cto +70°C 


ELECTRICAL 
CHARACTERISTICS 


Unless 
otherwise 
specified, 
TA 
= TM1N 
to 
TMAJV 
Vcc 
= +VREF = 5V ± 5%, and 
-VREF = GND 


Total Unadjusted 
Error 


ML2264BXX 
5,7 
VREF = Vcc 
±1/2 
±1/2 
LSB 
ML2264CXX 
±1 
±1 
LSB 


Integral 
Linearity 
Error 


ML2264BXX 
5,7 
VREF 
~ VCC 
±1/2 
±1/2 
LSB 


ML2264CXX 
±1 
±1 
LSB 


Differential 
Linearity 
Error 


ML2264BXX 
5 
VREF 
~ Vcc 
±1/2 
±112 
LSB 


ML2264CXX 
±1 
±1 
LSB 


Full Scale Error 


ML2264BXX 
5 
±1/2 
±1/2 
LSB 


ML2264CXX 
±1 
±1 
LSB 


Zero 
Scale Error 


ML2264BXX 
5 
±1/2 
±1/2 
LSB 


ML2264CXX 
±1 
±1 
LSB 


Channel 
to Channel 
5 
±1/4 
±1/4 
LSB 
Mismatch 


+VREF Voltage 
Range 
6 
-VREF 
Vcc+0.1 
-VREF 
Vcc+0.1 
V 


-VREF 
Voltage 
Range 
6 
GND-0.1 
+VREF 
GND-0.1 
+VREF 
V 


Reference 
Input 
5 
1 
2.5 
4 
1 
2.5 
4 
kQ 


Resistance 


Analog 
Input 
Range 
5,8 
GND-0.1 
Vcc+0.1 
GND-0.1 
Vcc+0.1 
V 


Power 
Supply 
Sensitivity 
5 
DC 
±1/32 
±1/4 
±1/32 
±1/4 
LSB 


Vcc=5V±5%, 
VREF=4.50V 


100mVp-p 
±1/16 
±1/16 
LSB 


100kHz sine on VC0 
V1N = 0 


Analog 
Input 
Leakage 
5 
ON 
Channel 
= Vcc 
-1 
-1 
JiA 
Current, 
OFF Channel 
OFF Channel 
~ OV 


ON 
Channel 
~ OV 
1 
1 
JiA 
OFF Channel 
~ Vcc 


Analog 
Input 
Leakage 
5 
ON 
Channel 
~ OV 
-1 
-1 
JiA 
Current, 
ON 
Channel 
OFF Channel 
= Vcc 


ON 
Channel 
~ Vcc 
1 
1 
JiA 
OFF Channel 
= OV 


Analog 
Input 
Capacitance 
During 
Acquisition 
Period 
45 
45 
pF 


V1N11' 
Logical 
"1" 
Input 
WR, RD, CS, AO, A1 
2.0 
2.0 
V 


5 
Voltage 
MODE, 
SH/TH 
Vcc-O.5 
Vcc-O.5 
V 


V1N10, 
Logical 
"0" 
Input 
WR, RD, CS, AO, A1 
0.8 
0.8 
V 
5 
Voltage 
MODE, 
SH/TH 
0.5 
0.5 
V 


"Micro 
Linear 


• 


ELEORICAL 
CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
TA = TMIN to 
TMAX, Vcc 
= +VREF = 5V ± 5%, -VREF = GND, 
and 
timing 
measured 
at 1.4Y, 
CL = 100pF. 


IINll' 
logical 
"1" 
WR, RD, CS, 
1 
1 
f.JA 


Input 
Current 
5 
V1H=VCC 
AO, Al 


MODE, 
SH/TH 
15 
50 
150 
15 
50 
150 
f.JA 


IINIO' logical 
"0" 
5 
V1L=GND 
WR, RD, CS 
-1 
-1 
f.JA 


Input 
Current 
MODE, 
SH/TH 
-20 
-20 
f.JA 


VOUT(1, logical 
"1" 
5 
lOUT = -2mA 
4.0 
4.0 
V 
Output 
Voltage 


VOUTIO, logical 
"0" 
5 
lOUT = 2mA 
0.4 
0.4 
V 
Output 
Voltage 


lOUT, Three-State 
Output 
VOUT = OV 
-1 
-1 
f.JA 
5 
Current 
VOUT = Vcc 
1 
1 
f.JA 


COUT, logic 
Output 
5 
5 
pF 


Capacitance 


CIN, logic 
Input 
5 
5 
pF 
Capacitance 


Icc, Supply 
Current 
5 
CS = WR = RD = "1" 
18 
20 
mA 


No Output 
load 


tCRD, Conversion 
Time, 
5 
RD to INT, MODE 
= OV 
1020 
1100 
ns 


Read Mode 


tCWR.RD,Conversion 
Time, 
5,9 
WR Falli~ 
- 


Write-Read 
Mode 
Edge to INT, 
SH/TH=Vcc 
700 
775 
ns 


tRD < tiNT, 
- 


MODE 
= Vcc 
SHITH=GND 
830 
930 
ns 


SNR, Signal to Noise 
Ratio 
VIN = 5Y, 250kHz 
48 
48 
dB 


Noise 
is sum of all 
nonfundamental 
components 
from 
0-500kHz. 


SHITH 
= Vco 
MODE 
= VCC 


fSAMPLING= 1.0 MHz 


HD, Harmonic 
Distortion 
VIN = 5Y, 250kHz 
-63 
-63 
dB 


THO 
is sum of 2-5th 
harmonics 
relative 
to 
fundamental. 


SH/TH 
= Vco 
MODE 
= Vcc 


fSAMPLING= 1.0 MHz 


IMD, Intermodulation 
fa = 2.sY, 250kHz 
-60 
-60 
dB 
Distortion 
fb = 2.sY, 248kHz 


1MB is (fa + fb), (fa - fb), 
(2fa + fb), (2fa - fb), 
(fa + 2fb), or (fa - 2fb) 
relative 
to fundamental. 


SH/TH 
= Vco 
MODE 
= Vcc 


fSAMPLING= 1.0 MHz 


.~ 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Unless 
otherwise 
specified, 
TA = TMIN to 
TMAl(, Vcc 
= +VREF = SV ± S%, -VREF = GND, 
and 
timing 
measured 
at 1.4V, 


CL = 100pF 


FR, Frequency 
Response 
V1N 
~ 5\1, 0-250kHz 
±0.1 
±0.1 
dB 


Relative to 1kHz 
SH/TH 
~ VC0 
MODE 
~ Vcc 


fSAMPUNG~ 1.0 MHz 


SH/TH = VCC 
4.0 
4.0 
VII'S 
5R, Slew Rate Tracking 
6 
SH/TH = GND 
.25 
.25 
VII'S 


tAS- Multiplexer 
Address 
5 
SHITH = GND, 
Figure 1 
0 
0 
ns 
Setup Time 
(Track & Hold 
Operation) 


tAH, Multiplexer 
Address 
5 
SH/TH 
= GND, 
Figure 1 
60 
70 
ns 


Hold 
Time 
(Track & Hold 
Operationi 


tAS- Multiplexer 
Address 
5 
SH/TH = VC0 
Figure 2 
225 
245 
ns 
Setup Time 
(Sample & Hold 
Operation) 


tAH, Multiplexer 
Address 
5 
SHITH = VC0 
Figure 2 
60 
70 
ns 
Hold 
Time 
(Sample & Hold 
Operation) 
• 


tRDY, CS to RDY Delay 
5 
0 
60 
0 
65 
ns 


tRDO, RD low 
to 
5,10 
Figure 3 
1020 
1100 
ns 
RDY Delay 


tcss. CS to RD, WR 
5 
0 
0 
ns 
Setup Time 


tCSH, CS to RD, WR 
5 
0 
0 
ns 
Hold 
Time 
. 


.kKo, 
Conversion 
Time 
- 
5, 10 
1020 
1100 
ns 
RD Low to INT low 


.!Acco- Data Access Time 
5 
tCRO 
tCRO+30 
tCRO 
tCRo+30 
ns 
RD to Data Valid 


tROPW,RD Pulse Width 
5 
tCRD+30 
tCRo+30 
ns 


tINTH, RD to INT Delay 
5,10 
0 
65 
0 
75 
ns 


!1m, Data Hold 
Time - 
6, 10 
Figure 3 
0 
50 
0 
60 
ns 
RD Rising Edge to Data 
High 
Impedance 
State 


tp, Delay Time 
Between 
5, 10 
Sam~e 
& Hold 
Mode, 
300 
325 
ns 
Conversions 
- 
INT Low 
SHITH 
= VCC 


to RD Low 
Tra~& 
Hold 
Mode, 
240 
260 
ns 


SHITH 
= GND 


tcss. CS to RD, WR 
5 
0 
0 
ns 
Setup Time 


tCSH, CS to RD, WR 
5 
0 
0 
ns 


Hold 
Time 


- 
5 
SH/TH 
~ Vcc 
190 
50K 
205 
50K 
ns 
twlV WR Pulse Width 
SHITH 
= GND 
6 
320 
50K 
360 
50K 
ns 


"Micro 
Linear 


Unless 
otherwise 
specified, 
TA = TMIN to TMA)(, Vcc = +VREF= 5V ± 5%, -VREF = GND, 
and 
timing 
measured 
at 1.4Y, 


CL = 100pF 


tRD, Reac;!2ime - 
WR 
5 
tRD< tlNn 
275 
300 
ns 


High to RD Low Delay 


tRI, RD to INT Delay 
5, 10 
tRD< tlNTL 
0 
235 
0 
270 
ns 


tACl:1LData Access Time 
5 
tRD< tlNTL 
0 
240 
0 
300 
ns 
- 
RD Low to Data Valid 


tCVi&R.D,Conversion 
Time 
5,9,10 
tRD< tlNTI.-SH/TH 
= Vcc 
700 
775 
ns 
=-WR Falling Edge to 
- 


830 
930 
INT Low 
6,9,10 
tRD< tlNTI.-SH/TH ~ GND 
ns 


tlNTI.-Internal 
Comparison 
5, 10 
tRD> tlNn 
620 
670 
ns 


Time - 
WR Rising Edge 
to INT Low 


tACJ:2LData Access Time 
5 
tRD> tlNn 
0 
50 
0 
60 
ns 


- 
RD to Data Valid 


!J:lli, Data Hold Time - 
6, 10 
Figure 3 
0 
50 
0 
60 
ns 


RD Rising Edge to Data 
High Impedance 
State 


tINTH' RDt to INTI Delay 
5,10 
0 
65 
0 
75 
ns 


tp, Delay Time 
Between 
5, 10 
Sam~ 
& Hold Mode, 
300 
325 
ns 
Conversions 
- 
INT Low 
SH/TH 
= Vcc 
to WR Low 
Trac~& 
Hold Mode, 
240 
260 
ns 


SHITH 
= GND 


tlHWIV WRt to INTI Delay 
5, 10 
Standalone 
Mode 
0 
90 
0 
100 
ns 


tlD, INTI to Data 
5,10 
Standalone 
Mode 
0 
20 
0 
30 
ns 
Valid Delay 


Absolute 
maximum 
ratings 
are 
limits beyond 
which 
the 
life of the 
integrated 
circuit 
may be impaired. 
All voltages 
unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 


When the voltage at any pin exceeds the power supply rails (V1N< GND or V'N > Vccl the absolute value of current at that pin 
should be limited to 25mA or less. 


-55°C 
to +125°C 
operating 
temperature 
range 
devices 
are 
100% tested 
at temperature 
extremes 
with 
worst-case 
test conditions. 
O'C to +70'C and -40'C to +85'C operating temperature range devices are 100%tested with temperature limits guaranteed by 100% 


testing.. sampling, 
or by correlation 
with worst· case 
test conditions. 


Typicals 
are parametric 
norm 
at 25°C. 


Parameter 
guaranteed 
and 
100% 
production 
tested. 


Parameter 
guaranteed. 
Parameters 
not 100% 
tested 
are 
not in outgoing 
quality 
level 
calculation. 
Total unadjusted error includes offset, full scale, linearity, sample and hold, and multiplexer errors. Total unadjusted error is tested at 
the minimum specified times for WR, RD, to" and tp• For example, for the ML2264XCXin the sample and hold mode, WR/RD mode: 
two; 
190ns,too - 275nswith a frequency of l.000MHz (cycle time of l000ns). 
For -VRH 
20 V'N the digital output code will beסס ooסס oo.Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at 
low Vcc levels (4.5V),as high level analog inputs (5V) can cause this input diode to conduct - 
especiallyat elevated temperatures, and 


cause errors for analog inputs near full scale.The spec allows 100mVforward bias of either diode. This means that as long as the analog 
V1Nor VRH does not exceed the supply voltage by more than 100m'/,the output code will be correct. To achieve an absolute OVocto 
SVoc 
input 
voltage 
range will therefore 
require 
a minimum 
supply 
voltage 
of 4.900Voc 
over temperature 
variations, 
initial tolera.nce 
and 
loading. 


Conversion 
time, write-read 
mode 
= tWR 
+ tRO + tR1- 


Defined from the time an output crosses0.8V or 2.4V. 


Note 4: 
Note 5: 
Note 6: 
Note 7: 
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DATA 


OUTPUT~ 


10PFT 


5ki 


~ 


vcc 


DATA 
OUTPUT 


10PFT 
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-tOH~ 
VCC 


VOL---- 
VOl+l00mV 


'Micro 
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-1;:110 
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The ML2264 uses a two stage flash technique for AID 
conversion. This technique first performs a 4 bit flash 
conversion on V1N to determine the 4 M5B's. These 
4 M5B's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 L5B's of 
the output data word. 


1.1 MULTIPLEXERADDRESSING 


The ML2264 contains a 4-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address inputs AO and At 
The relationship 


between the address inputs, AO and A1, and the analog 
input selected is shown in Table 1. 


Selected 
AddressInput 


Analog Channel 
AO 
A1 


A IN 1 
0 
0 


A IN 2 
1 
0 


A IN 3 
0 
1 


A IN 4 
1 
1 


The address inputs~ 
latched into the ML2264 on the 


falling edge of t~RD, 
WR, or C5 depending on the 


state of pins 5H/TH and mode as shown in Table 2. 


AddressLatching 


Signal 
Mode 
Operation Mode 


RDI 
GND 
GND 


WRI 
Vcc 
GND 


C51 
GND 
Vcc 


C51 
Vcc 
Vcc 


In the Sample & Hold mode of operation C5 is used as 
the address latch enable, allowing for continuous 
conversions without addressing a given analog input for 
each conversion. 


The Track & Hold mode of operation requires an 
analog input to be addressed and latched for each 
conversion that the ML2264 performs. 


1.2 
ANALOG INPUTS 


The analog input on the ML2264 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 


The equivalent input circuit for the converter is shown 
in Figure 8. When the conversion starts in the T/H 
mode (WRI in the WR-RD mode or RDI in the RD 
mode) 51, 54 and 56 close and 53 opens. This period is 
known as the acquisition period where the M5B flash 
converter tracks the input signal and the L5B flash 
converter samples it. During this period, V1N is 
connected to the 16 M5B and 15 L5B comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined RONresistance of the internal 
analog switches plus any external source resistance, Rs. 
In addition, there is a stray capacitance of 
approximately 11 pF that needs to be charged through 
the external source resistance Rs.This period ends in 
the WR-RD mode when WRI or by an internal timer in 
the RD mode. At this point 51 and 54 open and the 
analog input at VIN is no longer being sampled; thus 
during this time the analog voltage on VIN does not 
affect converter performance. 


As shown above, the critical period for charging up the 
analog input occurs when the M5B and L5B 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
V1N must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least SOnsbefore the end of the acquisition 
period so that the M5B comparators have adequate 
time to make the correct decision. If more time is 
needed due to finite-Sharging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 


When the M12264 operates in the 5/H 
mode (pin 23 = 
Vcd 
both the M5B and the L5B flash converter perform 
a true sample and hold operation during the 
acquisition or samfilir:!g period. This period starts after 
th~ling 
edge of INT and ends with the falling e~ 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled 
and must satisfy a minimum 
of tp. 


During this period 51, 53, 54 and 56 close, therefore 
46 pF of input capacitance must be charged up in 
addition to the 11 pF of stray capacitance. 


• 


1.3 
TRACKAND HOLD vs. SAMPLEAND HOLD 
The M5B Flash Converter of the ML2264 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the M5B comparators directly 
in the M5B compare cycle, or acquisition period. When 
the M5B compare cycle ends, the state of the M5B 
comparators is latched. The L5B Flash Converter always 
performs a 5/H 
operation. Thus, the analog input signal 


can be changing during the M5B compare cycle, or 
acquisition period, and the M5B comparators will be 


"Micro 
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slew rates as high as .25VI/ls 
(16kHz @ 5 vo~s) without 


sacrificing conversion accuracy. 


The ML2264 in S/H 
mode does not have the slew rate 
limitation 
of the T/H mode since an internal sample and 


hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H 
mode can theoretically 
digitize signals of frequencies much higher than the 
T/H 
mode. The ML2264 in S/H 
mode can digitize 


signals of frequencies ashigh 
as 250kHz @ 5V (slew 
rates as high as 4Vlj1S) without 
saCrifiCingconversion 


accuracy. In most applications, the S/H 
mode ISmore 
desirable than T/H mode because of the better dynamic 
performance. 


1.3.1 
CONVERTER 
- 
T/H 
MODE 


The operating sequence for the WR-RD mode is 
illustrated in Figure 9a,J!J.itially,the internal comparators 
are auto-zeroed while WR is hi&!!:-A conversion is 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
. 
internal resistor ladder. At the same time, the Input IS 
being acquire<LQr.sampled by LSBcomparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSBacquisition time is ended by 
c1osin&...!!:!-e 
sampling switch to the LSBcomparators. 
While WR is high, the LSBcomparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's.When the 
LSBcomparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latches. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 


The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, exce~he 
conversion is initiated by the falling edge of RD, and 
the MSB and LSB conversions are generated by internal 
clock edges that are generated while RD is low. 


Sl 
F 
R~: 
~~~~~ 


TO MS -¥ cr-l 
~··I·* '\ 


LADDER 
S2 
.":" 
1. S3 


16 MSB COMPARATORS 
- 


RON 
S4:r1'34~PF 
3.6K 


6.41< 
.1pF 
RON 


TO LS -df, 
: I 
S6 


LADDER 
SS 
~.6SPF 
":" 
~ 


1S LSB COMPARATORS 


1.3.2 
CONVERTER 
- 
S/H 
MODE 
The operating sequence for S/H 
mode is illustrated in 


Figure 9b. Notice that it is similar to T/H 
mode 


described above except this mode has~ue 
sample 


and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period 
where 
the analog input is sampled at the same time all ~_ 
comparators are auto-zeroed. The falling edge of WR. 
opens the internal sampling switch, ends the acquIsition 
period, and starts the conversion on the internally 
sample and held sign~he 
MSB comparators make 


their decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are latched. The LSB 
comparators make their decision when WR is high. 
When the LSBcomparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output 
buffers. Then, the acquisition period begins 


again and the converter is ready for the next 
conversion. 


The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by internal clock edges that 
are generated while RD is low. 
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1 
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R5 BROUGHT 
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RESULTS AND 
BRINGS 
INT lOW. 


1.4 
REFERENCE 


The +VREFand -VREFinputs are the reference voltages 
that determine 
the full scale and zero input voltages, 
respectively, for the AID converter. 
Thus, +VREFdefines 
the analog input which 
produces 
a full scale output 
and 


-VREFdefines the analog input which 
produces 
an 


output 
code of all zeroes. The transfer function 
for the 
AID converter 
is shown in Figure 10. 


+VREFand -VREFcan be set to any voltage between 
GND 


and Vcc. This means that the reference voltages can be 
offset from GND and the difference 
between 
+VREF+and 


-VREF- can be made small to increase the resolution 
of 


the conversion. 
Note that the total unadjusted 
error 


increases when [+VREF- j-VREF)]decreases. 


1.5 
POWER SUPPLYAND REFERENCEDECOUPLING 


A O.1J.1F ceramic 
disc capacitor 
is recommended 
to 
bypass Vcc to GND, using as short a lead length 
as 
possible. 


If REF+and REF- inputs are driven 
by long lines, they 
should 
be bypassed by O.1J.1F cerar)1ic disc capacitors 
at 


the reference 
input 
pins. 
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1.6.1 
SINUSOIDAL INPUTS 


Since the ML2264 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically 
be 1/2 the sampling rate (fsl.Any frequency 
components 
above fs/2 will be aliased below fs/2. In 


most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then 
the requirements on the anti-alias filter become difficult 
to impossible to realize with standard component 
and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fMAX 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 


The maximum sampling rate (fmax) for the ML2264 in 
the WR-RD mode, (tRD< tINTL)can be calculated as 
follows: 


1 
fmax =-------- 
tWR + tRD + tRI + tp 


f 
= 
1 


max 
190ns + 27Sns + 235ns + 300ns 


fmax = 1.000 MHz 


tWR= Write Pulse Width 


tRD= Delay Time between WR and RD Pulses 


tRI = RD to INT Delay 


tp = Delay Time between Conversions 


This permits a maximum sampling rate of 1MHz for the 
ML2264. The dynamic performance specifications (SNR, 
HD, IMD, and FR)for the ML2264 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fs. 


SNR 48.4d8 
HD 
-62.87d8 


VCC •• VREF •• S.OV 
TA •• 25°C 


iil 
~ 
-50 
~2 
-60 
Z 
-70 


~ 
-80 


-110 


-120 
o 
200 


fREQUENCY 
1kHz) 


In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth 
of the internal sample and 


hold. 


The Figure 11 plots are 4096 point FFT'sof the ML2264 
converting a 257kHz and a 491kHz, 0 to 4.5Y, low 
distortion sine wave input. The ML2264 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components 
up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level. harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent 
of increasing analog input 
frequencies to 500kHz. 


1.6.2 
SIGNAL-TO-NOISE RATIO 


Signal-to-noise ratio (SNR)is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental 
signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization 
levels used in the digitization 
process; 
the more the levels, the smaller the quantization 
noise. 


The theoretical SNR for a sine wave is given by 


SNR = (6.02N + 1.76)dB 


where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 


1.6.3 
HARMONIC 
DISTORTION 
Harmonic distortion 
is the ratio of the rms sum of 


harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2264 is defined as 


-10 
SNR 49.1d8 


-20 
HD 
-S8.33d8 
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(vi + vi 
+ V42 
+ VS2)1'2 
20 log = --------- 


V1 


where V1 is the rms amplitude of the fundamental and 
V2, 
V3, V4, Vs are the rms amplitudes of the individual 


harmonics. 


1.6.2 
SIGNA1.-TO-NOISE RATIO 


Signal-to-noise ratio (SNR)is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNRfor a sine wave is given by 


SNR = (6.02N + 1.76)dB 


where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 


1.6.3 
HARMONIC 
DISTORTION 


Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion 
(THD) of the ML2264 is defined as 


(V22 + vi + V42 
+ VS2)1'2 


20 log = --------- 


V1 


where V1 is the rtns amplitude of the fundamental and 
V'lJ V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 


1.6.4 
INTERMODULATION 
DISTORTION 


With inputs consisting of sine waves at two frequencies, 
fA and fB, any active device with nonlinearities will 
create distortion 
products, of order (m + n), at sum and 


difference frequencies of mfA + nfB, where m, n = 0, 1, 
2, 3 ... 
Intermodulation 
terms are those for which m 


or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(fA + fB) and (fA - fB) and the third order terms 
(2fA + fB), (2fA - fB), (fA + 2fB), and (fA - 2fB) only. 


1.7 
DIGITAL INTERFACE 


The ML2264 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 


1.7.1 
RD MODE 


In the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the /iP to start a 
conversion, wait, and then read data with a single read 
instruction. 


The timing for th~D 
mode is shown in Figure 4. To 


do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 
that the device is ready to do a conversion. The 
_ 
conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSBdecisions are made with 


internally generated clock edges. When the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 
outputs go from high impedance to active sta~with_ 
valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outpill.- 
data lines return to the high impedance state and INT 
returns high. 


1.7.2 
WR-RD MODE 


In the WR-RD mode, the WR/RDY pin is configured as 
the WR input. I~is 
mode, WR initiates the 


conversion and RD controls reading the output data. 
This can be done in several ways, described below. 


1.7.3 
WR-RD MODE - 
USING INTERNAL DELAY 


(tRO > tlNn) 
The timing is shown in Figure 5. To do a conversion, 
CS must be low to select the devic~en, 
WR falling 
edge triggers the conversio~hile 
WR is low, the MSB 
comparison is made. When WR returns higl!..!he LSB 
decision is made. After some internal delay, INT goes 
low indicating e~of 
conversion. Valid data will appear 
on DBO-7 when RD is pulled 10~INT 
is then reset by 


the rising edge of either CS or RD. 


1.7.4 
WR-RD MODE - 
READING BEFORE DELAY 


(tRO < tlNn) 
The internally generated delay for the LSBdecision 
when tRO> tlNTLis longer than necessary due to 
circuit design tolerances of tlNTLdelay. If desired, a 
faster conversion will result without 
loss of accuracy by 


bringing RD low within the minimum time specified for 
tRO'The timing diagram for this mode is shown in 
Figure 6. WR is the same as when tRO>JIillL. 
But in 


this case, RD is brougl:!!J9w tROns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallin~dge 
of R~and 
is reset 
on the risin~dge 
of RD or CS. When RD is brought 


low before INT goes low the data~ 
always remains 


in the high-impedance state until INTI. 


1.7.5 
WR-RD MODE - 
STAND ALONE OPERATION 


StanQ..i!lone operation can be implemented 
by tying CS 
and RD low as shown in Fig~7. 
WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When~R 
goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will a~ar 
automaticall~ 
end of 
conversion. Since RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 


1.7.6 
POWER-ON RESET 


When power is first applied, '!Il.internal 
power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2264 from starting in 
an unknown state. During this period of approximately 
3/is, INT remains high and the data bus is in the high- 
impedance state. 
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Figure 13. Using Vcc as Reference for Ratiometric 
Operation 
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TOTAL 
TEMPERATURE 


PART NUMBER 
UNADJUSTED 
ERROR 
RANGE 
PACKAGE 


ML2264BM) 
±Y2 L5B 
-55°C to +125°C 
HERMETIC DIP (J24) 
ML2264BIJ 
" 
-40°C to +85°C 
HERMETIC DIP (J24) 
ML2264BCP 
O°C to +7O°C 
MOLDED 
DIP (P24) 
ML2264BC5 
O°C to +7O°C 
MOLDED 50IC 
(524) 
ML2264CMJ 
±1 L5B 
-55°C to +125°C 
HERMETIC DIP (J24) 
ML2264C1) 
-40°C to +85°C 
HERMETIC DIP (J24) 
ML2264CCP 
O°C to +7O°C 
MOLDED 
DIP (P24) 
ML2264CCS 
O°C to +7O°C 
MOLDED 50IC 
(524) 
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October 1990 
PRELIMINARY 


ML2271 


/lP Compatible High-Speed 10-Bit 
AID 
Converter with SIH 


The ML2271 is a high speed, /lP compatible 10-bit A/D 
converter. A three step flash technique 
is used to 


achieve a conversion time of 1.45/ls. The ML2271 
operates from a single 5V supply and has an analog 
input range from GND to Vcc. 


The ML2271 has a true internal sample and hold and 
can digitize sinusoid signals as high as 150kHz without 
conversion errors. 


The ML2271 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a /lP' eliminating the need for external interfacing 
logic. The data outputs are latched and have three 
state control, allowing direct connection to a /lP bus 
or I/O port. The addition of an internal timing 
generator also allows the device to easily operate in 
stand alone applications. 


The ML2271 is pin and function compatible with the 
ADC1061. 


• Conversion 
time over temperature 
and 
supply voltage tolerance 
1.5/ls 


• Linearity error 
±1/2 LSB or ±1 LSB 


• Full scale error 
±1/2 LSB or ±1 LSB 


• Zero error 
±1/2 LSB or ±1 LSB 


• Capable of digitizing 
a 5V, 150kHz sine wave 


• No missing codes 
• OV to 5V analog input range with single SV power 
supply 


• Analog input 
protection 
2SmA min 


• Operates ratiometrically 
or with up to SV voltage 


reference 


• No external clock required 
• Easyinterface to /lP' or operates standalone 
• Latched, 3-state data outputs 
• Power-on 
reset circuitry 


• Low power 
180mW max 


• Standard 20-pin DIP or surface mount 
SOIC 


• O°C to 70°C, --40°C to +8SoC, -55°C to +12SoC 


operating 
temperature 
range 


ML2271 


PIN CONNEOIONS 


20-Pin 
DIP 
20-Pin SOIC 


o Vcc 
DDO 
o Vcc 
DDO 


INT 


INT 
DBl 
DB1 
WR 
DB2 


WR 
DB2 
iID 
DBJ 


iID 
17 
DBJ 
C5 
DB4 


C5 
16 
DB4 
AVec 
DBS 


1S 
DBS 
-VREF 
DBb 


AVec 


V,N 
DB7 


-VaEf 
14 
DBb 
+VREF 
DBB 


V,N 
DB7 
GND 
DB9 


+VREf 
DBB 
TOP 
VIEW 


eND 
DB9 


TQPVIEW 


PIN DESCRIPTION 


PIN NO. 
NAME 
FUNGION 


D Vcc 
Digital supply. +5V ± 5%. 
Connect to AVec. 


2 
INT 
Interrupt output. This output 
signals the end of a conversion 
and indicates that data is valid 
on the data outputs. See Digital 
Interface section. 


3 
WR 
Write input. Input which 
initiates a conversion. See 
Digital Interface section. 


4 
RD 
Read input. This input latches 
data into the output 
latches. 


See Digital Interface section. 


S 
CS 
Chip select input. This inR.l!L 
mus~ 
held low during WR 


and RD for the device to 
perform a conversion. 


6 
AVec 
Analog supply. +5V ± 5%. 
Connect to D Vcc. 


PIN NO. 
NAME 
FUNGION • 


7 
-VREF 
Negative reference input voltage 
for ND 
converter. 


8 
V,N 
Analog input. 


9 
+VREF 
Positive reference input voltage 
for AID converter. 


10 
GND 
Ground. 


11 
DB9 
Data output - 
bit 9 (MSB). 


12 
DB8 
Data output - 
bit 8. 


13 
DB7 
Data output - 
bit Z 


14 
DB6 
Data output - 
bit 6. 


15 
DB5 
Data output - 
bit 5. 


16 
DB4 
Data output - 
bit 4. 


17 
DB3 
Data output - 
bit 3. 


18 
DB2 
Data output - 
bit 2. 


19 
DB1 
Data output - 
bit 1. 


20 
DBO 
Data output - 
bit 0 (LSB). 


ABSOLUTE MAXIMUM RATINGS 
(Note 
1) 


Supply 
Voltage, 
A VC0 D Vcc 
... 


Voltage 
Logic 
Inputs 
. 


Analog 
Inputs 
.....................•... 
Input 
Current 
per Pin (Note 
2) 
. 


Storage Temperature 
. 
Package Dissipation 


at TA ~ 25°C (Board Mount) 
...........•........... 
875mW 
Lead Temperature 
(Soldering 
10 sec.) 
Dual-In-Line 
Package (Molded) 


Dual-In-Line 
Package (Ceramic) 
. 


Molded 
Small Outline 
IC Package 


Vapor 
Phase (60 sec.) 
.. 
215°C 
Infrared 
(15 sec.) 
........................•......... 
220°C 


-o.W 
to Vcc + O.3V 


-O.3V to Vcc + O.3V 


±25mA 


-65°C 
to +150°C 


Temperature 
Range (Note 
3) 
TM1N 
~ 
TA ~ 
TMAX 


ML2271 BM), ML2271CMJ 
-55°C 
to +125°C 


ML2271BIj, 
ML2271CIj 
..... 
-4Q°C to +85°C 


ML2271BCS, ML2271CCS 
ML2271BCp, ML2271CCP 
. 
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Intergral 
Linearity 
Error 


ML2271BXX 
5,7 
VREf = Vcc 
±1/2 
±1/2 
LSB 
ML2271CXX 
±1 
±1 
LSB 


Differential 
Linearity 
Error 


ML2271BXX 
5 
VREF= Vcc 
±1/2 
±1/2 
LSB 
ML2271CXX 
±1 
±1 
LSB 


Full Scale Error 


ML2271BXX 
5 
±1/2 
±1/2 
LSB 
ML2271CXX 
±1 
±1 
LSB 


Zero 
Scale Error 


ML2271BXX 
5 
±1/2 
±1/2 
LSB 
ML2271CXX 
±1 
±1 
LSB 


Total Unadjusted 
Error 


ML2271BXX 
5 
±3/4 
±3/4 
LSB 
ML2271CXX 
±1V2 
±1V2 
LSB 


+VREFVoltage 
Range 
6 
-VREF 
Vcc+0.1 
-VREF 
Vcc+0.1 
V 


-VREFVoltage 
Range 
6 
GND-0.1 
+VREF 
GND-0.1 
+VREF 
V 


Reference 
Input 
5 
.9 
1.3 
1.7 
.9 
1.3 
1.7 
kO 
Resistance 


Analog 
Input 
Range 
5,8 
-VREF 
+VREF 
-VREF 
+VREF 
V 


Power Supply 
Sensitivity 
5 
DC 
±1/32 
±1/4 
±1/32 
±1/4 
LSB 


Vcc ~ 5V ± 5%, VREF~ 4.75V 


100mVp-p 
±1/16 
±1/16 
LSB 


100kHz sine on VC0 
V1N = 0 


Analog 
Input 
Leakage 
5,9 
Converter 
Idle 
-2 
+2 
-2 
+2 
pA 


Current 


Analog 
Input 
Capacitance 
During 
Acquisition 
Period 
25 
25 
pF 


VINIl, 
Logical "1" 
Input 
5 
.. 


2.0 
2.0 
V 


Voltage 


V1N10,Logical "0" 
Input 
5 
0.8 
0.8 
V 
Voltage 


IINIl, Logical "1" 
Input 
5 
V1N = Vcc 
1 
1 
pA 
Current 


IINIO' Logical 
"0" 
5 
V1N = OV 
-1 
-1 
pA 
Input 
Current 


VOUTI1, Logical 
"1" 
5 
lOUT = -2mA 
4.0 
4.0 
V 
Output 
Voltage 


VOUTIO, Logical 
"0" 
5 
lOUT = 2mA 
0.4 
0.4 
V 
Output 
Voltage 


lOUT, Three-State 
Output 
VOUT = OV 
-1 
-1 
pA 
5 
Current 
VOUT = Vcc 
1 
. 
1 
pA 
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ELEGRICAL CHARAGERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
TA = T MIN to 
T MAl(, 0 
Vcc 
= AVec 
= +VREF = 5V ± 5%, -VREF = GND, 
and 
timing 
measured 
at 1.4Y, CL = 100pF. 


COUT, Logic 
Output 
5 
5 
pF 


Capacitance 


C1N, Logic 
Input 
5 
5 
pF 


Capacitance 


Ico 
Supply 
Current, 
5 
CS = WR = RD = 0 
32 
35 
mA 


Analog 
Plus Digital 
No Output 
Load 


tCONV, Conversion 
Time, 
6 
Figure 
2 
1450 
1600 
ns 


Interrupt 
Mode 


tCONV, Conversion 
Time, 
5 
Figure 
3 
1450 
1600 
ns 
Write-Read 
Mode 


tCONV, Conversion 
Time, 
6 
Figure 4 
1450 
1600 
ns 


Read Mode 


SNR, Signal to Noise 
Ratio 
V1N = 5Y, 150kHz 
60 
60 
dB 


Noise 
is sum of all 
nonfundamental 
components 
frbm 0-300kHz. 


fSAMPLING= 600kHz 


HD, Harmonic 
Distortion 
V1N = 5Y, 150kHz 
-60 
-60 
dB 


THD 
is sum of 2-5th 
harmonics 
or aliases relative 


to fundamental. 


fSAMPLING= 600kHz 


IMD, 
Intermodulation 
fa = 2.5Y, 150kHz 
-60 
-60 
dB 


Distortion 
fb = 2.5Y, 148kHz 


1MB is (fa + fb), (fa - fb), 


.. 


(2fa + fb), (2fa - fb), 
.. 


(fa + 2fb), or (fa - 2fb) 
relative 
to fundamental. 


fSAMPLING= 600kHz 


FR, Freqency 
Response 
V1N = 5Y, 0-150kHz 
±0.1 
±0.1 
dB 


Relative to 1kHz 


fSAMPLING= 600kHz 


SR, Slew Rate Tracking 
2.36 
2.36 
V/jJs 


tcss, CS to RD, WR 
5 
0 
0 
ns 
Setup Time 


tCSH, CS to RD, WR 
5 
0 
0 
ns 


Hold 
Time 


tWR, WR Pulse Width 
5 
250 
50K 
300 
50K 
ns 
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ELEORICAL 
CHARAOERISTICS 
(Continued) 


Unless 
otherwise 
specified, 
TA = TMIN to TMAJV D Vcc = AVec 
= +VREF= 5V'± 
5%, and 
-VREF = GND, and 
timing 
measured 
at 1.4Y, CL = 100 pF. 


tACCil WR to Data Valid 
5 
1500 
1600 
ns 


tRD, Read Pulse Width 
5 
100 
120 
ns 


tWRv WRt to RDI 
6 
0 
0 
ns 


tINTH,RDt to INTI 
5 
10 
50 
10 
50 
ns 


tRlv RD to INTI 
5 
0 
50 
0 
50 
ns 


!M;C1, Data Access Time, 
5 
0 
55 
0 
60 
ns 
RDI to Data Valid 


.!lD!...Data Access Time, 
5 
0 
55 
0 
60 
ns 
INTI to Data Valid 


t1H, tOH,RDt to Data High 
5 
Figure 1 
10 
50 
10 
60 
ns 
Impedance 
State 


tp, Delay Time Between 
5 
300 
300 
ns 


Conversions 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 
When the voltage at any pin exceeds the power supply rails (VIN < GND or V1N > Vcc) the absolute value of current at that pin 
should be limited to 25mA or less. 


-55°C 
to +125°C 
operating 
temperature 
range 
devices 
are 100% tested 
at temperature 
extremes 
with 
worst-case 
test conditions. 
ooe to +70oe and -40°C to +85°e operating temperature range devices are 100%tested with temperature limits guaranteed by 100% 


testing, 
sampling, 
or by correlation 
with 
worst-case 
test conditions. 


Typicals 
are 
parametric 
norm 
at 25°C. 


Parameterguaranteed and 100%production tested. 


Parameter 
guaranteed. 
Parameters 
not 
100% tested 
are 
not 
in outgoing 
quality 
level 
calculation. 


Total 
unadjusted 
error 
includes 
offset, full scale, 
linearity, 
and 
sample 
and 
hold 
errOrs. 


For -VR" 
~ 
V1N the digital output code will be 00000000.Two on-chip diodes are tied to the analog input which will forward 


conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during 
testing at low Vcc levels (4.5V),as high level analog inputs (5V) can cause this input diode to ~onduct - 
especially at elevated 
temperatures, and cause errors for analog inputs near full scale.The spec allows 100mVforward bias of either diode. This means that 
as long as the analog VIN or VR" 
does not exceed the supply voltage by more than 100mY,the output code will be correct. To 
achieve an absolute OVocto 5VOC input voltage range will therefore require a minimum supply voltage of 4.900Voc over temperature 


variations, 
initial 
tolerance 
and 
loading. 


Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
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DATA 
OUTPUT~ 


lOPFT 


Ski 


Vcc 


~ 


k 


DATA 


OUTPUT 


TOPFT 
• 


----------- 
---~~~F~~-- 


tACC2'---------o 


tlNTH 


tIO ...•.l.~tlH, 
tOH 
--------~~~~-----~ 
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The ML2271 uses a three step flash technique for A/D 
conversion. This technique first performs a 3 bit flash 
conversion on VIN to determine the 3 most significant 
bits (MSB decision). These 3 MSB's are then cycled 
through an internal DAC to recreate the analog input. 
This reconstructed analog input signal from the DAC is 
then subtracted from the input, and the difference 
voltage is converted by a second 3 bit flash conversion 
providing the next 3 significant bits, called intermediate 
significant bits (ISB decision). This procedure is then 
performed again to provide the final 4 least significant 
bits (LSBdecision). 


I 
14 
.14 


ACQUISITION 
PERIOD. 
ISB AND 
LSB 
COMPARATORS 
AUTOZEROED. 


t 


V,N SAMPLING 
ENDS. 
MSB 


COMPARATORS 
RESULT ARE 
LATCHED. 


The ML2271 has a true internal sample and hold. The 
internal operatiD&.-sequence is shown in Figure 5. The 
falling edge of WR opens the S/H sampling switch, 
ends the acquisition time for the analog input, and 
starts the conversion on the internally sample and held 
~al. 
Then the MSB, ISB,and LSBdecisions are made. 


INT goes low at end of conversio~nd 
RD controls the 


data outputs. This falling edge of INT also closes the 
sampling switch and starts the acquisition period for 
the next conversion. 


ISB 
COMPARATORS 
DECIDING. 


LSB 
COMPARATORS 
DECIDING. 


II 
I 
I 
I 
I 
·1·ACQUISITION 
PERIOD. 
ISB AND 
LSB 
COMPARATORS 
AUTOZEROED. 


L 
I 
I 


ISB 
COMPARATOR 
RESUIJS 
ARE 
lATCHED. 


LSB 
COMPARATOR 
RESUIJS 
ARE 
lATCHED. 


1.1 
ANALOG INPUT 


The analog input on the ML2271 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 


The input circuit for the converter is shown in Figure 6A 
with the equivalent input circuit shown in Fi&.\!Ie6B. 
The acquisition period for the S/H starts on INT falling 
edge and ends on WR falling edge. 


The critical period for charging up the analog input 
occurs during the acquisition period and the source of 
the external signal on VIN must adequately charge up 
the analog voltage during this time. To do this, the 
input must settle within the required analog accuracy 
tolerance 100ns before the end of the acquisition period 
so that the sampling capacitors have adequate time to 
store the input signal. If more time is needed due to 
finit~arging 
or settling time of the external source, 
the WR high period can be extended as long as is 
required. 


1.2 
SAMPLE AND HOLD 


The ML2271 does not have the limitation of an 
equivalent circuit implemented with a track/hold. An 
internal sample and hold acquires the analog signal, 
holds it internally, and then a conversion is performed 
on the sample and held signal. Since this is a true 
sample and hold function, the ML2271 can sample and 
hold signals with frequencies as high as 150kHz @ 5V 
(slew rates as high as 2.36V/Jls)without 
sacrificing 
conversion accuracy. 


1.3 
REFERENCE 


The +VREFand -VREFinputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +VREFdefines 
the analog input which produces a full scale output and 
-VREFdefines the analog input which produces an 
output code of all zeroes. The transfer function for the 
A/D converter is shown in Figure 7. 
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+VREFand -VREFcan be set to any voltage' between 
GND and Vcc. This means that the reference voltages 
can be offset from GND and the difference between 
+VREFand -VREFcan be made small to increase the 
resolution of the conversion. Note that the linearity 
error increases when [+VREF- (-V REF)]decreases. 


. 
: 
~.5PF 


6 MSB COMPARATORS 
::: S4:r'5~~ 
t;~ 


TO IS ---cK, 
:"I. '\ S6 


LADDER 
S5 
~ 
.5pF 
.". 4 


14 ISB COMPARATORS 


RoN 
16pF 
0--1~~~ 


lOon 
S7 
7.5pF* 
S< 58 


TO S/H BLOCK 
J! 


OUTPUT 


CODE 
FUll 
SCALE 


11111111\ 
TRANSI~ 


11111110 
~ 


11111101 
, 
I 


I 
/ 


I 
,, 


I 
, 


:::::;:~' 
,/ 


00000001 


00000000 
------- 
I 
I 
I. 


o llSB 2lSB'S 3lSB'S 
\ 
FS 
FS - llSB 


AIN, INPUT VOLTAGE (IN TERMS OF lSB'S) 


1.4 
POWER SUPPLY AND REFERENCEDECOUPlING 


O.ljlF in parallel with O.OljlFceramic disc capacitors are 
recommended 
to bypass A Vcc to GND, as well as D 


Vcc to GND, using the shortest lead lengths possible. 


If +VREFand -VREFinputs are driven by long lines, they 
should be bypassed by O.ljlF in parallel with O.OljlF 
ceramic disc capacitors at the reference input pins. 


1.5.1 
SINUSOIDAL INPUTS 


Since the ML2271 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically 
be 1/2 the sampling rate (fs)'Any frequency 


components above fs/2 will be aliased below fs/2. In 
most applications, these aliased components 
cause 


unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then 
the requirements on the antialias filter become difficult 
or impossible to realize with standard component 
and 


tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fs in 
order to relax the filtering requirements enough to 
make a realizeable antialias filter. 
The maximum sampling rate (fMAX) for the ML2271 can 
be calculated as follows: 
• 


1 
tCONV+ tp 


1 
1.45jls + 0.300jlS 


= 570kHz 


= Write Pulse Width 


tWRD = Write to Data Delay 


tp 
= Delay Time between Conversions 


Note that the dynamic performance specifications (SNR, 
HD, IMD, and FR)for the ML2271 are all specified at 
150kHz, which is less than 1/3 of the sampling rate, fs. 
This allows adequate margin between the input 
frequency and the aliased components to allow antialias 
filtering if needed. 
In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, the user can apply an input sinusoid higher 
than 150kHz to the device. Note, however, that as the 
input frequency increases above 150kHz, dynamic per- 
formance degradation will occur due to the finite 
bandwidth of the internal sample and hold. 
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1.5.2 
SIGNAL-TO-NOISE RATIO 


Signal-to-noise ratio (SNR)is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental 
signals up to half the 


sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 


SNR = (6.02N + 1.76)dB 


where N is the number of bits. Thus for ideal 10-bit 
converter, SNR = 61.96dB. 


1.5.3 
HARMONIC 
DISTORTION 


Harmonic distortion 
is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2271 is defined as 


(Vi 
+ vi + V42 + VS2)'h 
20 log = -------- 
V1 


where V1 is the rms amplitude of the fundamental and 
V'h V3, V'" Vs are the rms amplitudes of the individual 
harmonics. 


1.5.4 
INTERMODULATION 
DISTORTION 


With inputs consisting of sine waves at two frequencies, 
fA and fB, any active device with nonlinearities will 
create distortion 
products, of order (m + n), at sum and 
difference frequencies of mfA + nfB, where m, n = 0, 1, 
2, 3 ... 
Intermodulation 
terms are those for which m 


or n is not equal to zero. The (lMD) intermodulation 
distortion specification includes the second order terms 
(fA + fB) and (fA - fB) and the third order terms 
(2fA + fB), (2fA - fB), (fA + 2fB), and (fA - 2fB) only. 


1.6 
DIGITAL INTERFACE 


Depending on the way the external signals are applied 
to the ML2271, the timing of the conversion and 
resultant digital interface can be configured in three 
different modes. 


While the operation for each mode is described below, 
there are some genera.L..r:u~h~!...dictate the general 
relationships betwe~CS, 
WR, RD, INT, and DBO-DB9. 
The falling edge of WR terminate~e 
acquisition 


period and initiates a conversion. INT is forced low 
when a conversion is internally completed. INT is reset 
high by the RD rising edge. DBO-D~s 
in t~high 


impedance state except when both RD and INT are 
low. RD low period does not affect the internal 
conversion but only determines when the digital ~nals 
DBO-DB9 are active; thus, RD can occur anytime. CS is 
used to select the device and needs to be low only 
while WR is low or when RD is low. 


1.6.1 
INTERRUPT MODE 


Timing for the In~!!upt 
Mode is shown in Figure 2. To 
do a conversion, CS must be low to select the device. 
INT falli~dge 
starts the acquisition period. The falling 
edge of WR ends the acquisition period and the MSB 
comparison is made. Then, the (Intermediate Significant 
Bits) ISB and LSBdecisions are made with internal 
timing signals. After the conversion is complet~NT 
goes low indicating end of conversion. When RD goes 
low, DBO-DB9 goes from high impedance to t~active 
state with the digital result of the conversion. INT is 
reset high and DBO-DB9 is reset to high impedance on 
the rising edge of RD. 


Interrupt Operation is intended to be~d 
in interrupt 
driven systems or applications where INT signals the 
transfer of data. 


1.6.2 
WRITE-READ MODE 


Write-Read Operation ~he 
same as Interrupt 
Operation except that RD is brought low~ore 
the 


internal conversion is completed (before INT goes low). 


Timing for Write-Read 0Reration 
is shown in Figure 3. 


To perform a conversion, CS must be low to select the 
device. INT falling ~ 
starts the acquisition period. 
The falling edge of WR ends the acquisition period and 
the MSB decision is made. Then, the ISB and LSB 
decisioDLare made by internal timing signals. In this 
mode, RD is brought low before the internal 
conversion is completed. When the internal conversion 
is completed, INT will be forcec!J.e>wand data will 
appear on DBO-DB9 as long as RD is still low. INT is 
reset high and DBO-DB9 is reset to high impedance on 
the rising edge of RD. 


Write-Read Operation is intended for applications 
where RD controls the transfer of data to a 
microprocessor. 


1.6.3 
READ MODE 


Read Mode Operation is l.!:D.QIementedby tying RD to 
WR and keeping RD and WR low long enough so that 
the conversion time is totally determined 
by the 


internal timing signals. 


Timing for th~ead 
Mode is shown in Figure 4. To do 
a conversion, CS must be low to select the device. The 
RD and WR falling edge starts the conversion. 
RD and WR is held low for the entire internal 
conversion. Thus, the MSB, ISB,and LSBcomparisons 
along with the end of the acquisition period are made 
by internally generated timing signals. After t~ 
conversion is complete, INT goes low. Since RD is fixed 
low, DBO-DB9 wl!Lgo from higbjrrlpedance 
to active 


state as soon as INT goes low. INT is reset high and 
DBO-DB9~ reset to high impedance on rising edge of 
WR and RD. 


'Micro 
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Read Mode Operation allows a conversion to be done 
with the device's own internal timing and thus, no 
external timing is needed. 


1.6.4 
POWER-ON RESET 


When power is first applied, !!!Linternal 
power-on 
reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2271 from starting in 
an unknown state. During this period of approximately 
SOjJs,INT remains high and the data bus is in the high- 
impedance state. 


M12271 


AVec 


+VREF 


VIN 
• 
Figure 9. Using Vcc as Referencefor Ratiometric 


Operation 


ML2341 


D/A 
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REFERENCE 
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5V 
5V 


10k 
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AVec 


20k 
o Vcc 


+VREf 


10k 
VON 


V,N 


20k 
-VREF 
GND 


cs 


WR 
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TMS320 


IE14 
C15 


• 


4k 


+VREF 
AVec 


tk 
+r 


.1"F 


24k 
ML2271 


V'N 


20k 
D Vcc 
+ 


-VREF 
I 


.1"F 


lk 


3k 


'Micro 
Linear 


TEMPERATURE 


PART NUMBER 
LINEARITY 
ERROR 
RANGE 
PACKAGE 


ML2271BMJ 
±Y2 L5B 
-55°C to +125°C 
HERMETIC DIP (J20) 
ML2271BIJ 
-40°C to +85°C 
HERMETIC DIP (J20) 


ML2271BCP 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML2271BC5 
O°C to +70°C 
MOLDED 
50IC 
(520) 
ML2271CMJ 
±1 L5B 
-55°C to +125°C 
HERMETIC DIP (j20) 
ML2271C1J 
-40°C to +85°C 
HERMETIC DIP (J20) 
ML2271CCP 
O°C to +70°C 
MOLDED 
DIP (P20) 


ML2271CC5 
O°C to +70°C 
MOLDED 
50IC 
(520) 


G~Micro Linear 
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ML2280, ML2283 


Serial 1/0 8-Bit AID Converters 


The ML2280 and ML2283 are 8-bit successive approximation 
AID converters with serial I/O and configurable input 
multiplexers with up to 4 input channels. 


All errors of the sample-and-hold incorporated on the 
ML2280 and ML2283, are accounted for in the analog-to- 
digital converters accuracy specification. 


The voltage reference can be externally set to any value 
between GND and Vcc, thus allowing a full conversion over 
a relatively small voltage span if desired. 


The ML2283 isan enhanced double polysilicon CMOS pin 
compatible second source for the ADC0833 AI D converter. 
All parameters are guaranteed over temperature with a 
power supply voltage of 5V ± 10%. 


• Conversion 
time 
6/-1s 


• ML2280 
capable of digitizing 
a 5 V, 40 kHz sine wave 


• Total unadjusted 
error with external 
reference 
± '12 LSB or ±1LSB 
• Sample-and-hold 
375 ns acquisition 
• 0 to 5V analog input range with single 5 V power 
supply 


• 2.5 V reference provides 0 to 5 V analog input range 
• No zero or full-scale adjust required 
• Low power 
12.5 mW MAX 


• Analog 
input protection 
25 mA (min) per input 
• Differential 
analog voltage inputs 
.0.3" 
width 
8- or 14-pin DIP 
• 4-channel 
input MUX option 
• Superior pin compatible 
replacement 
for ADC0833 • 


ML2280 
ML2283 


cs 
01 


Clk 


SARS 


4-Bit 
CLk 
cs 


DO 


SE 
CHO 


<!-CHANNEL 
VREF/2 
CHl 
S.E. 
AID 
OR 
CONVERTER 
--0 
DGND 


CH2 
2-CHANNEL 
WITH 
DIFF. 
SAMPLE & HOLD 
MUlTIPLEXER 
FUNCTION 
CH3 


1 
1 
6 
b 
AGND 
VREF/2 
Vcc 
v+ 
Vcc 
GND 
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G08 
VCC 
VIN( +) 
2 
7 
ClK 


VIN(-) 
3 
6 
DO 


GNo 
4 
5 
VREFI2 


ML2283 4-Channel MUX 


14-PIN DIP 


v+ 
Vcc 


cs 
01 


CHO 
ClK 


CHI 
SARS 


CH2 
DO 


CH3 
VREF/2 


oGNo 
AGNo 


TOP VIEW 


NAME 


Vcc 
DGND 


NAME 


SARS 
Positive supply. Svolts ± 10% 


Digital ground. Ovolts. All digital 
inputs and outputs are referenced 
to this point. 


Analog ground. The negative refer- 
ence voltage for AID converter. 


Combined analog and digital 
ground. 


Analog inputs. Digitally selected to 
be single ended (VIN)or; VIN + or 
V1N- 
of a differential input. Analog 
range = GND';;;V1N';;;VCC 


Reference. The analog input range 
istwice the positive reference 
voltage value applied to this pin. 


Input to the Shunt Regulator. 


Data out. Digital output which 
contains result of AI D conversion. 
The serial data isclocked out on 
falling edges of CLK. 


Successiveapproximation 
register 


status. Digital output which indi- 
cates that a conversion is in pro- 
gress.When SARSgoes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com- 
pleted. When CS~ 1, SARSis in 
high impedance state. 


Clock. Digital input which 
clocks 


data in on DI on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AI D 
conversion. 


Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 


Chip select. Selectsthe chip for 
multiplexer and channel assign- 
ment and AI D converison. When 
CS~ 1, all digital outputs are in high 
impedance state. When CS~O, 
normal AID conversion takes 
place. 
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ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Current into V + 
.......................• 


Supply Voltage, Vcc 
...........••........ 


Voltage 
Logic Inputs 
.. 
-7V 
to Vcc +7V 


Analoglnputs... 
.. 
-0.3VtoVcc+0.3V 
Input Current per Pin (Note 2) 
. . . . . . . . . . . . . . . . . .. 
± 2SmA 
Storage Temperature 
... 
-65°Cto 
+150°C 
Package Dissipation 


atTA ~25°C 
(Board Mount) 
Lead Temperature (Soldering 10 sec.) 
Dual-in-Line 
Package (Molded) 
Dual-in-Line 
Package (Ceramic) 
.....•..•..... 


Supply Voltage, Vcc 
.............•.. 
Temperature Range (Note 3) 
...•......... 


ML2280BMJ, ML2283BMJ 
ML2280BIj, 
ML2283BIj 
.............••.. 


ML228OCIj, ML2283CIj 
ML2280BCp, ML2283BCP 
ML2280CCP, ML2283CCP 


4.5VDCt06.3VDC 
TM1N<>TA<>TMAX 
- 55°C to +125°C 
-40°C 
to +85°C 


ELECTRICAL CHARACTE RISTICS 
Unless otherwise 
specified 
TA ~ TMINto TMAX, Vcc-SV 
±lO%, 
fCLK;'1.333MHz, 
and VREF/2 ~2.SV. 


ML2280B,ML2283B 
ML2280C,ML2283C 


TYP 
TYP 
NOTE 4 
MAX 
MIN 
NOTE 4 
PARAMETER 
NOTES 
CONDITIONS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted 
Error 
5,7 
VREFI2~2.5V 
±'12 
±1 
LSB 
VREF/2 not Connected 
±2 
±2 
LSB 


Reference input 
5 
3 
5 
7.5 
3 
5 
7.5 
kQ 
Resistance, VREF/2 


Common-Mode 
input 
5,8 
GND 
Vcc 
GND 
Vcc 
V 
Range 
-0.05 
+0.05 
-0.05 
+0.05 


DC Common-Mode 
6 
Common 
Mode 
±'h6 
±'/. 
±'h6 
±'/. 
LSB 
Error 
Voltage GND to VCCl2 


AC Common-Mode 
6 
Coman Mode Voltage 
±'/. 
±'f. 
LSB 
Error 
GNDtoVcc, 
Oto 50kHz 


DC Power Supply 
6 
Vcc-5V±10% 
±'fJ2 
±'f. 
±'fJ2 
±'f. 
LSB 
Sensitivity 
VREF<>VCC+0.1V 


AC Power Supply 
6 
100mVp•p, 25 kHz Sine 
±'f. 
±'f. 
LSB 
Sensitivity 
on Vcc 


Change in Zero Error 
6 
15mAintoV+ 
±'12 
±'12 
LSB 
from Vcc-5Vto 
Inter- 
Vcc-N.C. 


nal Zener Operation 
VREF12~ 2.5 V 


Vz, Internal Diode 
15mA intoV+ 
6.9 
6.9 
V 
Regulated Breakdown 
(atV+) 


V + Input Resistance 
5 
20 
35 
20 
35 
kQ 


iOff, Off Channel 
5,9 
On Channel~Vcc 
-1 
-1 
I-'A 
Leakage Current 
Off Channel- 
0 V 


On Channel- 
0 V 
+1 
+1 
I-'A 
Off Channel ~ Vcc 


lan, On Channel 
5,9 
On Channel ~ 0 V 
-1 
-1 
I-'A 
Leakage Current 
Off Channel- 
Vcc 


On Channel- 
Vcc 
+1 
+1 
I-'A 
OffChannel~OV 
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ELECTRICAL 
CHARACTE 
RISTICS (Continued) 
Unless otherwise 
specified 
TA = TMIN to TMAX, Vcc-SV 
±10%, 
fCLK-1.333 
MHz, 
and VREFl2-2.SV. 


TYP 
NOTE 4 
PARAMETER 
NOTES 


DIGITAL AND DC CHARACTERISTICS 


V1N(1)'logical 
"1" Input 
5 
2.0 
V 


Voltage 


VIN(O),Logical "0" 
Input 
5 
0.8 
V 
Voltage 


IIN(1)'Logical "1" Input Current 
5 
V1N-VCC 
1 
!LA 


IIN(OI,logical 
"0" 
Input 
5 
VIN-OV 
-1 
JAA 
Current 


VOUT(1), Logical "1" Output 
5 
'OUT- -2mA 
4.0 
V 
Voltage 


VOUTlO),Logical "0" 
Output 
5 
'ouT-2mA 
0.4 
V 
Voltage 


lOUT,Hi-Z Output 
5 
VOUT-OV 
-1 
. 
JAA 
Current 
VOUT-VCC 
1 
!LA 


'SOURCE,Output 
Source 
5 
VOUT-OV 
-6.5 
mA 
Current 


IS1NK'Output 
Sink Current 
5 
VOUT-VCC 
8.0 
mA 


Icc, Supply Current 
5 
1.3 
2.5 
mA 


fCLK'Clock Frequency 
5 
10 
1333 
kHz 


tACO' Sample-and-Hold 
112 
l/fCLK 
Acquistion 


Ie, Conversion Time 
Not including 
MUX 
8 
l/fCLK 


Addressing Time 


SNR, Signal to Noise Ratio 
12 
V1N- 40 kHz, 5 V Sine. 
47 
dB 
Ml2280 
fCLK-1.333 MHz 
(fSAMPLlNG~120kHz). 
Noise is Sum of All 
Nonfundamental 
Components 
up to 
112 of 


fSAMPLING 


THD, Total Harmonic 
12 
V1N- 40 kHz, 5 V Sine. 
-60 
dB 
Distortion 
Ml2280 
fCLK-1.333 MHz 
(fSAMPLlNG~120kHz). 
r. 
THD is Sum of 2,3,4,5 
Harmonics 
Relative to 
Fundamental 


IMD, Intermodulation 
12 
V1N-fA+fB. 
fA-40kHz, 
-60 
dB 


Distortion 
ML2280 
2.5V Sine. 
fB- 39.8 kHz, 2.5 V Sine, 
fCLK-1.333 MHz 
(fSAMPLlNG~120kHz). 
IMD is (fA+fB), (fA-fB), 
(2fA+fB), (2fA-fB)' 
(fA+2fB), (fA-2fB) 
Rela- 


tive to Fundamental 


Clock Duty Cycle 
5,10 
40 
60 
% 


tSET-UPCS Falling Edge or Data 
5 
130 
ns 


Input Valid to ClK Rising Edge 


tHOLD' Data Input Valid after 
5 
80 
ns 
CLK Rising Edge 
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ELECTRICAL 
CHARACTE 
RISTICS 
(Continued) 


Unless otherwise 
specified 
TA ~ TMIN to TMAX, Vcc~5V 
±10%, 
fCLK~ 1.333MHz, 
and VREF/2 -2.5V 


~1' 
tpdo-ClK 
Falling Edge to 
5,11 
CL -lClOpF 


utput Data Valid 
Data MSB First 
90 
200 
ns 


Data lSB First 
50 
110 
ns 


t'H, IoH, - 
Rising Edge of CS to 
6 
CL -10pF, 
RL~lOk (see 
40 
90 
ns 
Data Output and SARS Hi-Z 
High Impedance Test 
Circuits) 


6 
CL ~lOOpF, RL-2k 
80 
160 
ns 


C1N,Capacitance of logic 
5 
pF 


Input 


COUT, Capacitance 
of logic 
5 
pF 


Outputs 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: When the input voltage (VIN) at any pin exceeds the power supply rails (V1N<GND 
or V1N>Vcc) 
the absolute value of current althat 


pin should be limited to 25 mA or less. 


Note 3: 
- 55°C to +125°C operating temperature 
range devices are 100% tested at temperature 
extremes with worst-case test conditions. 
O°C 
to 70°C and - 40°C to +85°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% testing, sam- 


pling, or by correlation 
with worst-case test conditions. 


Note 4: Typicals are parametric 
norm at 25°C. 


Note 5: 
Parameter guaranteed and 100% production 
tested. 


Note 6: 
Parameter guaranteed. 
Parameters not lG{)% tested are not in outgoing quality level calculation. 


Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer 
and sample-and-hold 
errors. 


Note 8: 
For V1N(-) ~ V1N(+) the digital output code will beסס ooסס oo. Two on-chip diodes are tied to each analog input (See Block Diagram) 
which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, 
during testing at low Vcc levels (4.5 V), as high level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated 


temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 
the analog V1Nor VREF does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute OV to 
5V input voltage range will therefore require a minimum 
supply voltage of 4.950 Voc over temperature 
variations, initial tolerance and loading. 


Note 9: 
leakage current is measured with the clock not switching. 


Note 10: A 40% to 60% clock duty cycle range insures proper operation 
at all clock frequencies. 
In the case that an available clock has a duty 
cycle outside of these limits, the minimum, 
time the clock is high orthe 
minimum 
time the clock is low must be at least 3OOns.The maximum 
time the clock can be high or low is 60l's. 


Note 11: Since data, MSB first, is the output of the comparator 
used in the successive approximation 
loop, an additional 
delay is built in (See 
Block Diagram) to allow for comparator 
response time. 
• 


Note 12: Because of multiplexer 
addressing, test conditions 
for the Ml2283 
is V1N~ 30 kHz,S V sine (fSAMPlING"89kHz). 
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1.1 
Multiplexer 
Addressing 


The design of these converters utilizes a sample data compar- 
ator structure which provides for a differential analog input to 
be converted by a successive approximation 
routine. 


The actual voltage converted is always the difference be- 
tween an assigned" +" input terminal and a "-" 
input ter- 


minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is lessthan the 
"-" 
input, the converter responds with an all zeros output 


code. 


A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, or differential options. 


A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assignsthe polarity of the ana- 
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channell 
may be 


selected asa different pair but channel 0 or channell 
cannot 


act differentially with any other channel. In addition to select- 
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected asthe positive input and channel 
1asthe negative input or vice versa. This programmability 
is 


illustrated by the MUX addressing codes shown in Table 1. 


The MUX address is shifted into the converter via the 01 
input. Since the ML2280 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 


Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated asa single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen- 
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 


Table1. 
M12283MUX Addressing4 Single-Endedor 2 
Differential Channel 


Single-EndedMUX Mode 


MUXAddress 
Channel# 


SGLI 
0001 
SELEG 


OIF 
SIGN 
1 
0 
0 
1 
2 
3 


1 
0 
0 
1 
+ 


1 
0 
1 
1 
+ 


1 
1 
0 
1 
+ 


1 
1 
1 
1 
+ 


MUXAddress 
Channel # 


SGLI 
000/ 
SELECT 


DIF 
SIGN 
1 
0 
0 
1 
2 
3 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
1 
+ 
- 


0 
1 
0 
1 
- 
+ 


0 
1 
1 
1 
- 
+ 


2 DIFFERENTIAL 
MIXED MODE 


0, 1 { 


+(-) 


0, 1 { 


+ 


-(+) 


+ 


2) 


+(-) 


+ 
. 1 
-(+) 


AGND 


Figure 7. 
Analog Input Multiplexer 
Functional 
Options 
for ML2283 
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1.2 
Digitallnterface 


The block diagram and timing diagrams in Figures 2-5 illus- 
trate how a conversion sequence is performed. 


A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 


A clock isapplied to the ClK input. On each rising edge of 
the clock, the data on 01 is clocked into the MUX address 
shift register. The start bit isthe first logic "1" that appears on 
the 01 input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 


When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of'l> clock period is 
used for sample-and-hold settling through the selected MUX 
channels. The SARstatus output goes high at this time to 
signal that a conversion is now in progress and the 01 input is 
ignored. 


The DO output comes out of high impedance and provides a 
leading zero for this one clock period. 


When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
lessthan each successive voltage from the internal OAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
IJPimmediately. 


After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this '/2 clock cycle later. 


The serial data is always shifted out MSB first during the con- 
version. After the conversion has been completed, the data is 
shifted out a second time with lSB first. The Ml2280 data is 
shifted out only once, MSB first. 


All internal registersare cleared when the CS input is high. If 
another conversion isdesired, CS must make a high to low 
transition followed by address information. 


The 01 input and DO output can be tied together and con- 


'Ok 


M12280 
V 


M12283 


10k 
~" 


GND 


trolled through a bidirectionallJP 
I/O bit with one connec- 


tion. This is possible because the 01 input isonly latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 


1.3 
Reference 
The Ml2280 and Ml2283 are intended primarily for use in 
circuits requiring absolute accuracy. In this type of system, 
the analog inputs vary between very specific voltage limits 
and the reference voltage for the AI 0 converter must remain 
stable with time and temperature. For ratiometric applica- 
tions, seethe Ml2281 and Ml2284 which have a VREFinput 
that can be tied to Vcc. 


The voltage applied to the VREF/2pin defines the voltage span 
of the analog input (the difference between VIN + and VIN -) 
over which the 256 possible output codes apply. A full-scale 
conversion (an all1s output code) will result when the voltage 
difference between a selected" +" input and" -" 
input is 
approximately twice the voltage atthe VREF/2pin. This inter- 
nal gain of 2 from the applied reference to the full-scale input 
voltage allows biasing a low voltage reference diode from the 
5VDC converter supply. To accommodate a 5V input span, 
only a 2.5 V reference is required. The output code changes 
in accordance with the following equation: 


Output Code = 256 (VIN( +) - 
VINH) 
2(VREF/2) 


where the output code isthe decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term VREF/2is 
the voltage to ground. 


The VREF/2pin isthe center point of a two resistor divider 
(each resistor is 10kQ) connected from Vcc to ground. Total 
ladder input resistance is the parallel combination 
of these 


two equal resistors.As shown in Figure 8, a reference diode 
with a voltage lessthan VCC/2 can be connected without 
requiring an external biasing resistor if its current require- 
ments meet the indicated level. 


The minimum value of VREF/2can be quite small (SeeTypical 
Performance Curves) to allow direct conversions of trans- 
ducer outputs providing lessthan a 5V output span. Particu- 


• 


10k 


M12280 
v. 
M12283 


10k 
. 


GND 
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lar care must be taken with regard to noise pickup, circuit 
layout and system error voltage sources when operating with 
a reduced span due to the increased sensitivity of the con- 
verter (l l5B equals VREF/256)· 


1.4 
Analog Inputs and Sample/Hold 


An important feature of the Ml2280 
and Ml2283 
isthat they 
can be located at the source of the analog signal and then 
communicate 
with a controlling /lP with just a few wires. This 
avoids bussing the analog inputs long distances and thus 
reduces noise pickup on these analog lines. However, in 
some cases,the analog inputs have a large common mode 
voltage or even some noise present along with the valid ana- 
log signal. 


The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both" 
+" and" -" 
inputs, such as 
60Hz, the converter will reject this common mode voltage 
since it only converts the difference between" 
+" and" -" 
inputs. 


The Ml2280 
and Ml2283 
have a true sample-and-hold cir- 


cuit which samples both" 
+" and" -" 
inputs simultane- 


ously. This simultaneous sampling with a true 51 H will give 
common mode rejection and AC linearity performance that 
is superior to devices where the two input terminals are not 
sampled at the same instant and where true sample-and-hold 
capability does not exist. Thus, these AI D converters can 
reject AC common mode signals from DC-50kHz aswell as 
maintain linearity for signals from DC-50kHz. 


The signal at the analog input is sampled during the interval 
when the sampling switch isclosed prior to conversion start. 
The sampling window 
(51 H acquisition time) is '12 ClK per- 
iod wide and occurs '12 ClK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the 51 H acquisition time, 8 pF of 
capacitance isthrown onto the analog input. '/2 ClK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the 51H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer ClK period can be used. 


For latch-up immunity each analog input has dual diodes to 
the supply rails, and a minimum of ± 25 mA (± 100mA typi- 
cally) can be injected into each analog input without causing 
latch-up. 


1.5 
Zero ErrorAdjustment 


The zero of the AI D does not require adjustment. If the mini- 
mum analog input voltage value, VINMIN is not ground, a 
zero offset can be done. The converter can be made to out- 


putסס OOסס OOdigital code for this minimum input voltage by 
biasing any VIN - input at this VINMIN value. This utilizes the 
differential mode operation of the AI D. 


The zero error of the AI D converter relates to the location of 
the first riser of the transferfunction 
and can be measured by 
grounding the VIN - input and applying a small magnitude 
positive voltage to the VIN + input. Zero error isthe difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000ooo to 
ס0ooooo1 and the ideal'h 
l5B value (1/2 l5B -9.8mV 
for 


VREF/2- 2.5OOVoC)· 


1.6 
Full-ScaleAdjustment 
The full-scale adjustment can be made by applying a differen- 
tial input voltage which is 1'12 l5B down from the desired 
analog full-scale voltage range and then adjusting the magni- 
tude of the VREF/2input for a digital output code which isjust 
changing from 11111110 
to 11111111. 


1.7 
Adjustmentfor an Arbitrary Analog Input Voltage 
Range 
If the analog zero voltage of the AI D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A VIN + voltage which equals this 
desired zero reference plus '12 l5B (where the l5B is calcu- 
lated for the desired analog span, 1l5B ~ analog span/256) is 
applied to selected" +" input and the zero reference voltage 
at the corresponding" 
-" 
input should then be adjusted to 


just obtain the 000סס oo0 to 00סס oo01 code transition. 


The full-scale adjustment should be made by forcing a 
voltage to the V1N+ input which is given by: 


VIN+fsadjust 
= VMAx-1.5*[(VMAx-VMIN)/256] 
where VMAX - high end of the analog input range 
VM1N~ low end (offset zero) of the analog range 


The VREFor Vcc voltage is then adjusted to provide a code 
change from 11111110to 11111111. 


1.8 
Shunt Regulator 


A unique feature of the Ml2283 
isthe inclusion of a shunt 


regulator connected from V + terminal to ground which also 
connects to the Vcc terminal (which isthe actual converter 
supply) through a silicon diode asshown in Figure 9. When 
the regulator is turned on, the V + voltage is clamped at 11 
VSEset by the internal resistor ratio. The typical I-V curve of 
the shunt regulator is shown in Figure 
10. It should be noted 


that before V + voltage is high enough to turn on the shunt 
regulator (which occurs at about 5.5 V), 35 kQ of resistance is 
observed between V + and GND. When the shunt regulator 
is not used, V + pin should be either left floating or tied to 
GND. The temperature coefficient of the regulator is 
-22mV/°C. 


'Micro 
Linear 


\ 1+- I 


CURRENT 
LIMITING I 


RESISTOR, 1+ " 15mA I 
II 
I 
II 
GNDI 


I 
II 
I 
II 
IIIII 
L. 
.J 
• 


V+ 


5.5V 
&.9V 


Mnemonic 
Instruction 


START 
ANL 
Pl, #OF7H 
;SELECT AID 
(CS -0) 


MaY 
B,#5 
;BIT COUNTER 
- 
5 
MOV 
A,#ADDR 
;A - 
MUXBIT 


LOOP 
1: 
RRC 
A 
;CY - 
ADDRESS 
BIT 
JC 
ONE 
;TEST BIT 
;BIT-o 
ZERO: 
ANL 
P1, #OFEH 
;DI-o 
SJMP 
CaNT 
;CONTINUE 
;BIT-1 


ONE: 
ORL 
PI,#1 
;D1-1 
CaNT: 
ACALL 
PULSE 
;PULSE SK 0- 
1 - 
a 


DJNZ 
B, LOOP 1 
;CONTINUE 
UNTIL 
DONE 
ACALL 
PULSE 
;EXTRA CLOCK 
FOR SYNC 


MaY 
B, #8 
;BIT COUNTER 
- 
8 


LOOP 2: 
ACALL 
PULSE 
;PULSE SKo - 
1 - 
a 
MaY 
A, Pl 
;CY - 
DO 
RRC 
A 
RRC 
A 
MaY 
A,C 
;A - 
RESULT 
RLC 
A 
;A(o) 
- 
BIT AND 
SHIFT 
MaY 
C,A 
;C - 
RESULT 
DJNZ 
B, LOOP 2 
;CONTINUE 
UNTIL 
DONE 


RETI 
;PULSE SUBROUTINE 
PULSE: 
ORL 
P1,#04 
;SK -1 
Nap 
;DELAY 
ANL 
Pl, #oFBH 
;SK - a 


RET 


Figure to. 
I-V Characteristic of the 
Shunt Regulator 
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Serial 1/0 8-Bit AID Converters with 


Multiplexer Options 


The Ml2281 family are 8-bit successive approximation AI D 
converters with serial I10 and configurable input multiplex- 
ers with up to 8 input channels. 


All errors of the sample-and-hold, incorporated on the 
Ml2281 family are accounted for in the analog-to-digital 
converters accuracy specification. 


The voltage reference can be externally setto any value be- 
tween GND and Vcc, thus allowing a full conversion over a 
relatively small voltage span if desired. 


The Ml2281 family is an enhanced double polysilicon CMOS 
pin compatible second source for the ADC0831, ADC0832, 
ADC0834, and ADC0838 AI D converters. The Ml2281 series 
enhancements are faster conversion time, true sample-and- 
hold function, superior power supply rejection, improved AC 
common mode rejection, faster digital timing, and lower 
power dissipation. All parameters are guaranteed over 
temperature with a power supply voltage of SV ±10%. 


• Conversion 
time 


• Total unadjusted 
error 
• Sample-and-hold 
• 2,4, or 8-input 
multiplexer 
options 


• 0 to 5 V analog input range with single 5 V power 
supply 
• Operates 
ratiometrically 
or with up to 5 V voltage 
reference 


• No zero or full-scale adjust required 
• Ml2281 
capable of digitizing 
a 5 V, 40 kHz sine wave 


• low power 
12.5 mW MAX 


.0.3" 
width 
8-, 14-, or 20-pin DIP 


• 20-pin surface mount 
PCC ML2288 


• Superior pin compatible 
replacement 
for ADC0831, 


ADC0832, 
ADC0834, 
and ADC0838 


• Analog input protection 
25 mA (min) per input 


6JAs 


±l12LSBor 
±lLSB 
375 ns acquisition 


• 


CONTROl 


AND 
TIMING 


AID 
CONVERTER 
WITH 
SAMPLE & HOLD 


FUNCTION 


~ 


AGND 
VREF 
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ML2281 SingleDifferential 
Input 


8-PIN DIP 


ML2282 2-Channel MUX 


8-PIN DIP 


B08 
VCC(Yo,,) 


CHO 
2 
7 
CLK 


CH1 
3 
6 
00 


GND 
4 
5 
DI 


TOP VIEW 
B08 
vcc 
V'N( +) 
2 
7 
CLK 


V'N(-) 
3 
6 
00 


GND 
4 
5 
vo" 


TOPVIEW 


ML2284 4-Channel MUX 


14-PINDIP 
20-PIN PeC 


CH2 
CHI 
CHO vcc 
V + 


\ 
I // 


3 2 12019 
CH3 
4 
18 
CH4 
5 
17 
CHs 
6 
16 
CH6 
7 
15 


CH7 
8 9 10 11121314 


cotociD I ~" 
SE 


AGND 


NAME 


Vcc 
DGND 


FUNGION 


Positivesupply. Svolts ± 1a% 


Digital ground. avolts. All digital 
inputs and outputs are referenced 
to this poi nt. 


Analog ground. The negative refer- 
ence voltage for AI 0 converter. 


Analog inputs. Digitally selected to 
be single ended (VIN) or; VIN + or 
V1N- of a differential input. Analog 
range - GND",VIN"'VCC 
Common reference point for ana- 
log inputs. AID conversion is 
performed on voltage difference 
between analog input and this 
common reference point if single- 
end conversion is specified. 


Reference. The positive reference 
voltage for AI 0 converter. 


Shift enable. Input controls 
whether lSB first bit stream is 
shifted out on serial output DO. If 
SE= 1, MSB first is shifted out only. 
IfSE-a, 
an MSB first bit stream is 
shifted out, then a second bit 
stream with lSB fj rst is shifted out 
after end of conversion. 


Input to the Shunt Regulator. 


NAME 


DO 


FUNGION 


Data out. Digital output which 
contains result of AI 0 conversion. 
The serial data is clocked out on 
falling edges of ClK. 


Successiveapproximation 
register 
status. Digital output which indi- 
cates that a conversion is in pro- 
gress.When SARSgoes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to a, conversion iscom- 
pleted. When CS= 1, SARSis in 
high impedance state. 


C10ckDigital input which 
clocks 


data in on OJ on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AI 0 
conversion. 


Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 


Chip select. Selectsthe chip for 
multiplexer and channel assign- 
ment and AID converison. When 
CS-l, 
all digital outputs are in high 


impedance state. When cs-a, 
normal AID conversion takes 
place. 
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ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Current into V + 
................•. 


Supply Voltage, Vee 
. 


Voltage 


Logic Inputs 
. 


Analog Inputs 


Input Current per Pin (Note 2) 
Storage Temperature 
Package Dissipation 


at TA~ 25° C (Board Mount) 


Lead Temperature (Soldering 10 sec.) 
Dual-In-Line 
Package (Molded) 


Dual-In-Line 
Package (Ceramic) 
Molded 
Chip Carrier Package 
Vapor Phase (60 sec.) 
. 


Infrared (15 sec.) 
. 


Supply Voltage, Vee 
.........•. 


Temperature Range (Note 3) 
. 


ML2281/2/4/8 
BM) 
. 
ML2281/2/4/8 
CMj 


ML2281/2/4/8 
BIj 
. 


ML2281/2/4/8C1J 
ML2281/2/4/8 
BCP 


ML2281/2/4/8 
CCP 


4.5VDe to 6.3VDe 


TMIN';;;TA';;;TMAX 
-55°Cto 
+125°C 


-7V 
to Vee +7V 
-O.3Vto 
Vee +0.3V 


±25mA 
-65°C 
to +150°C 


ELECTRICAL CHARACTERISTICS 
Unless otherwise 
specified 
TA ~ TMIN to TMAX, Vcc ~ VREF ~ 5 V ± 10%, and fCLK~ 1.333 MHz 


Ml2281B, 
Ml2282B 
Ml2284B, 
Ml2288B 


TYP 
NOTE 4 
III 


PARAMETER 
NOTES 
CONDITIONS 


CONVE RTERAN 0 MU lTIPlEXE RCHARACTERISTICS 


Total Unadjusted 
Error 
5, 7 
VREF~Vcc 
±'/2 
±1 
LSB 


Reference Input 
5,8 
6 
10 
15 
6 
10 
15 
kQ 


Resistance 


Common-Mode 
Input 
5,9 
GND 
Vcc 
GND 
Vec 
V 
Range 
-0.05 
+0.05 
-0.05 
+0.05 


DC Common-Mode 
6 
Common 
Mode 
±lh6 
±'/4 
±lh6 
±'/4 
LSB 
Error 
Voltage GND to Veer2 


AC Common-Mode 
6 
Coman Mode Voltage 
±'/4 
±'/4 
LSB 
Error 
GND to Vcer2. 
o to 50kHz 


DC Power Supply 
6 
Vcc~SV±10% 
±1!J2 
±'/4 
±'/32 
±'/4 
LSB 


Sensitivity 
VREF';;;Vee+0.1V 


AC Power Supply 
6 
100mVp.p, 25kHz 
sine 
±1/4 
±'/4 
LSB 


Sensitivity 
on Vce 


Change in Zero Error 
6 
15mAintoV+ 
±'12 
±'12 
LSB 


from Vcc ~ 5 V to Inter- 
Vee~N.C. 
VREF~5V 
nal Zener Operation 


Vz, Internal Diode 
15mA intoV+ 
6.9 
6.9 
V 
Regulated Breakdown 
(atV+) 


V + Input Resistance 
5 
20 
35 
20 
35 
kQ 


10ff,Off Channel 
5,10 
On Channel ~ Vcc 
-1 
-1 
f'A 


Leakage Current 
Off Channel ~ 0 V 


On Channel ~ 0 V 
+1 
+1 
f'A 


Off Channel ~ Vee 


lan' On Channel 
5,10 
On Channel ~ 0 V 
-1 
-1 
f'A 
Leakage Current 
Off Channel- 
Vcc 


On Channel ~ Vce 
+1 
+1 
f'A 


Off Channel ~O V 
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~L2281,~L2282,~L2284,~L2288 


ELECTRICAL 
CHARACTE 
RISTICS 
(Continued) 
Unless otherwise 
specified 
TA ~ TMIN to TMAX, VCC- 
VREF- 5 V ± 10%, and fCLK~ 1.333MHz 


Ml22818, 
Ml22828 
Ml2281C, Ml2282C 


Ml22848, 
Ml22888 
Ml2284C, 
Ml2288C 


I N~~41 
I 
TYP 
I 
PARAMETER 
NOTES 
CONDITIONS 
MIN 
MAX 
MIN 
NOTE 4 
MAX 
UNITS 


V1N(I)' logical 
"1" 
5 
2.0 
20 
V 


Input Voltage 


VINIOI' Logical "0" 
5 
0.8 
0.8 
V 


Input Voltage 


IINII), Logical "1" Input 
5 
VIN~VCC 
1 
1 
J.lA 
Current 


IINIO!'Logical "0" 
Input 
5 
VIN~OV 
-1 
-1 
J.lA 


Current 


VOUT(1)' Logical "1" 
5 
IOUT- -2mA 
4.0 
4.0 
V 


Output Voltage 


VOUTIOI'Logical "0" 
5 
louT~2mA 
04 
04 
V 
Output 
Voltage 


lOUT,Hi-Z Output 
5 
VOUT~OV 
-1 
-1 
J.lA 
Current 
VOUT-VCC 
1 
1 
J.lA 


ISOURCE'Output 
5 
VOUT-OV 
-6.5 
-6.5 
mA 
Source Current 


IS1M' Output 
Sink 
5 
VOUT-VCC 
8.0 
8.0 
mA 
Current 


Icc, Supply Current 
5 
1.3 
2.S 
1.3 
2.S 
mA 
ML2281, ML2284, 
ML2288 


ML2282 
5 
Includes Ladder 
1.8 
3.5 
1.8 
3.5 
mA 


Current 


fClK' Clock Frequency 
5 
10 
1333 
kHz 


tACO' Sample-and-Hold 
1/2 
lIfCLK 
Acquistion 


tc, Conversion Time 
Not including 
MUX 
8 
1/hK 


Addressing Time 


SNR, Signal to Noise Ratio 
12 
V1N~ 40 kHz,S V Sine. 
47 
dB 
ML2281 
fCLK-1.333MHz 
(fSAMPlINC"'120kHz). 
Noise is Sum of All 
Nonfundamental 
Components 
up to 112 of 


fSAMPLINC 


THO, Total Harmonic 
12 
VIN~40kHz, 
5V Sine. 
-60 
dB 
Distortion 
ML2281 
fCLK-1.333 MHz 


(fSAMPlINC"'120kHz). 
THO is Sum of 2,3,4,5 
Harmonics 
Relative to 


Fundamental 
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~l2281,~l2282,~l2284,~l2288 


ELECTRICAL CHARACTE RISTICS 
Unless 
otherwise 
specified 
TA ~ TMIN to TMAX, VCC~ VREF~5V 
±10%, 
and fCLK~ 1.333MHz 


TYP 
NOTE 4 
PARAMETER 
NOTES 
CONDITIONS 


AC ELEORICAL 
CHARACTE RISTICS (Continued) 


IMD, Intermodulation 
12 
VIN ~ fA+fB· fA~ 40 kHz, 
-60 
dB 
Distortion 
Ml2281 
2.5V Sine. 
fB-39.8kHz, 
2.5V Sine, 


feLK~ 1.333MHz 
(fsAMPLlNG~120kHz). 
IMD is (fA+fB), (fA- fB)' 
(2 fA+fB), (2 fA- fB), 
(fA+2 fB), (fA-2fB) 
Rela- 
tive to Fundamental 


Clock Duty Cycle 
5,11 
40 
60 
% 


tsET-UP,CS Falling Edge or Data 
5 
130 
ns 
Input Valid to CLK Rising Edge 


tHOLO' Data Input Valid after 
5 
80 
ns 
ClK Rising Edge 


~dl' tpdo-CLK 
Falling Edge to 
5,13 
CL ~ 100pF 


utput Data Valid 
Data MSB First 
90 
200 
ns 
Data lSB First 
50 
110 
ns 


tlH, toH, - 
Rising Edge of CS to 
6 
CL -lOpF, 
RL~lOk 
(see 
40 
90 
ns 
Data Output 
and SARS Hi-Z 
High Impedance 
Test 


Circuits) 


5 
CL~loopF, 
RL~2k 
80 
160 
ns 


C1N,Capacitance 
of logic 
5 
pF 
Input 


COUT' Capacitance 
of logic 
5 
\ 
pF 
Outputs 
• 


Note 1: Absolute 
maximum 
ratings are limits beyond which 
the life of the integrated circuit may be impaired. 
All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: 
When the input voltage (VIN) at any pin exceeds the power supply rails (V1N< GND or VIN>Vee) the absolute value of current at that 


pin should be limited to 25 mA or less. 


Note 3: 
- 55°C to +125°C operating temperature 
range devices are 100% tested at temperature 
extremes with worst-case test conditions. 
O°C 
to 70°C and - 40°C to +85°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed 
by 100% testing, 


sampling, or by correlation 
with worst-case test conditions. 


Note 4: Typicals are parametric 
norm at 25°C. 


Note 5: 
Parameter guaranteed and 100% production 
tested. 


Note 6: 
Parameter guaranteed. 
Parameters not 100% tested are not in outgoing quality level calculation. 


Note 7: Total unadjusted 
error includes offset, full-scale, linearity, multiplexer 
and sample-and-hold 
errors. 


Note 8: 
Cannot be tested for Ml2282. 


Note 9: 
For VIN( -) ;'V1N( +) the digital output code will be 0000 0000. Two on-chip 
diodes are tied to each analog input (see Block Diagram) 


which 
will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater then the Vee supply. Be careful, 


during testing at low Vee levels (4.5 V). as high level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated 


temperatures, 
and cause errors for analog inputs near full-scale. The spec allows 50mV forward bias of either diode. This means that as long as 
the analog V1Nor VREFdoes not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute OV to 
5V input voltage range will therefore require a minimum 
supply voltage of 4.950 Voe over temperature 
variations, 
initial tolerance 
and loading. 


Note 10: leakage current is measured with the clock not switching. 


Note 11: A 40% to 60% clock duty cycle range insures proper operation 
at all clock frequencies. 
In the case that an available clock has a duty 
cycle outside of these limits, the minimum, 
time the clock is high or the minimum 
time the clock is low must be at least 3OOns. The maximum 
time the clock can be high or low is 60l's. 


Note 12: Because of multiplexer 
addressing, test conditions 
for the Ml2282 
would be VIN ~ 34 kHz,S V sine (fsAMPLI G"'102 kHz); Ml2284 
VIN ~ 32 kHz, 5V sine (fsAMPLlNG"'95kHz); Ml2288 
VI 
~ 30kHz,S 
V sine (fsAMPLlNG"'89kHz). 


Note 13: Since data, MSB first, is the output of the comparator 
used in the successive approximation 
loop, an additional 
delay is built in (see 


Block Diagram) to allow for comparator 
response time. 


'Micro 
Linear 


DATA 
OUTPUT~ 


elJ R'i 


...-1, 


Vcc -- 
90% 
Cs 
50% 
GND 
10% 


DOAND 
VOH~ 
5ARSOUTPUTS GND 
_ 


J 


~cc 


DATA 
OUTPUT ell 


_ 
VCC~90~ 
es 
50% 
GND 
10% 


DO AND 
Vcc 
"'];fo: 
SARSOUTPUTS 
VOL 
10% 


eLK""\ 
/~ 
r\ 
- ~":~=--:1f''''~ 


OUT (DO) __ 
.J~I 
I 
\._ 


~ 


I--ISET-UP 
I 
51' 


DO--\ 
__ 
~/ 
~ 


BIT7 
BIT6 
(MSB) 


G~Micro Linear 


-J [--tSET-UP 
-ll 


CHIP 
SELECT (CS) 
•.•1-------------------- 


! I" 
DATA OUT 
(00) 
HI.Z 


SAMPLE & HOLD-I 


ACQUISITION 
(tACQ) 
• 


r-- 
7 
4 
0 
7 


(MSB) 
(LSB) 
(MSB) 
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Figure 2 . 
TIming Diagrams (Continued) 
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~l2281,~l2282,~l2284,~l2288 
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VIN =OV 
felll::: 
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TA= 25°( 


0.75 
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~ 0.5 
~ 


0 
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• 
" 
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'SOME OF THESE FUNCTIONS/ 
PINS ARE NOT AVAILABLEWITH OTHER OPTIONS. 
NOTE 1: FOR THE ML22B4 DlIS INPUT DIRECTLYTO THE 0 INPUT OF SELECT 1. SELECT0 IS FORCED TO A "1". 
FOR THE ML22B2. OilS 
INPUT DIRECTLYTO THE 0 
INPUT OF ODD/SIGN. 
SELECT 0 IS FORCED TO A "1" AND SELECTliS FORCED TO A"O". 


'-Micro 
Linear 


1.1 MultiplexerAddressing 
The design of these converters utilizes a sample data compar- 
ator structure which provides for a differential analog input to 
be converted by a successive approximation 
routine. 


The actual voltage converted is always the difference be- 
tween an assigned" +" input terminal and a "-" 
input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is lessthan the 
"-" 
input, the converter responds with an all zeros output 


code. 


A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, differential, or pseudo differential options. The 
pseudo differential option will convert the difference be- 
tween the voltage at any analog input and a common termi- 
nal. One converter package can now accomodate ground 
referenced inputs and true differential inputs aswell assignals 
with some arbitrary reference voltage. 


A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assignsthe polarity of the ana- 
log channels. Differential inputs are restricted to adjacent 
channel pairs. Forexample, channel 0 and channell 
may be 
selected asa different pair but channel 0 or channell 
cannot 


act differentially with any other channel. In addition to select- 
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected asthe positive input and channel 
1asthe negative input or vice versa. This programmability 
is 
illustrated by the MUX addressing codes shown in Tables 1,2, 
and]. 


The MUX address is shifted into the converter via the 01 
input. Since the ML2281 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 


The common input line on the ML2288 can be used asa 
pseudo differential input. In this mode, the voltage on the 
COM pin istreated asthe" 
-" 
input for any of the other 


input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single supply 
applications where the analog circuitry may be biased at a 
potential other than ground and the output signals are all 
referred to this potential. 
. 


Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen- 
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 


Table1. 
M12288MUX Addressing8 Single-Endedor 4 
Differential Channels 


MUXAddress 
AnalogSingle-EndedChannel# 


SGLI 0001 
SELECT 


OIF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 COM 


1 
0 
0 
0 
+ 
- 


1 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
+ 
- 


1 
0 
1 
1 
+ 
- 


1 
1 
0 
0 
+ 
- 


1 
1 
0 
1 
+ 
- 


1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
+ 
- 


MUXAddress 
AnalogDifferentialChannel-Pair# 


SGLI 0001 
SELECT 
0 
1 
2 
3 


OIF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 


0 
0 
0 
0 
+ 
- 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
0 
+ 
- 


0 
0 
1 
1 
+ 
- 


0 
1 
0 
0 
- 
+ 


0 
1 
0 
1 
- 
+ 


0 
1 
1 
0 
- 
+ 


0 
1 
1 
1 
- 
+ 


Table2. 
M12284MUX Addressing4 Single-Endedor 2 
Differential Channel 


Single-EndedMUX Mode 


MUXAddress 
Channel# 


SGLI 
0001 
SELECT 


OIF 
SIGN 
1 
0 
1 
2 
3 


1 
0 
0 
+ 


1 
0 
1 
+ 


1 
1 
0 
+ 


1 
1 
1 
+ 


COM 
is internally 
tied to A GND 


Differential MUX Mode 


MUXAddress 
Channel # 


SGU 
0001 
SELECT 


DIF 
SIGN 
1 
0 
1 
2 
3 


0 
0 
0 
+ 
- 
0 
0 
1 
+ 
- 
0 
1 
0 
- 
+ 
0 
1 
1 
- 
+ 
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Table 3. 
ML2282 MUX Addressing 2 Single-Ended or 1 
Differential Channel 


Single-Ended MUX Mode 


MUXAddress 
Channel # 


SGLlDIF 
ODD/SIGN 
0 
1 


1 
0 
+ 
1 
1 
+ 


MUXAddress 
Channel # 


SGLlDIF 
ODD/SIGN 
0 
1 
0 
0 
+ 
- 


0 
1 
- 
+ 


8 Single-Ended 
8 Pseudo-Differential 


0 
+ 
0 


1 
+ 
1 
+ 


2 
+ 
2 
+ 


3 
3 


4 
+ 
4 


5 
+ 
5 


6 
+ 
6 
+ 


7 
+ 
7 


COM(-) 
+ 
COM(-) 


VOIAS-=-.1 


4 Differential 
Mixed Mode 


0,11 
+(-) 
0,11 


- (+) 
2,31 


2,31 
+(-) 


- (+) 


4,5( 


+(-) 


- (+) 


6,71 
+ (-) 
+ 


- (+) 


+ 
COM(-) 


VOIAS -=-1- 


Figure 7. 
Analog Input Multiplexer Functional 
Options for ML2288 


Mt2281, ML2282, ML2284, Ml2288 


1.2 
Digitallnterface 


The block diagram and timing diagrams in Figures 2-5 illus- 
trate how a conversion sequence is performed. 


A conversion is initiated when CS is pulsed low. This lil")e 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 


A clock is applied to the ClK input. On each rising edge of 
the clock, the data on DI is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the DI input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 


When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of 'I> clock period is 
used for sample & hold settling through the selected MUX 
channels. The SARstatus output goes high at this time to 
signal that a conversion is now in progress and the DI input is 
ignored. 


The DO output comes out of High impedance and provides 
a leading zero for this one clock period. 


When the conversion begins, the output of the comparator, 
which indicates whether the analog input isgreater than or 
lessthan each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
liP immediately. 


After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this 11> clock cycle later. 


The serial data is always shifted out MSB first during the con- 
version. After the conversion has been completed, the data 
can be shifted out a second time with lSB first, depending on 
level of SE input. Forthe case of Ml2288, 
if SE ~ 1,the data is 


shifted out MSB first during the conversion only. If SE is 
brought low before the end of conversion (which is signalled 
by the high to low transition of SARS),the data is shifted out 
again immediately after the end of conversion; this time lSB 
first. If SE is brought low after end of conversion, the lSB first 
data is shifted out on falling edges of clock after SE goes low. 
ForMl2282 
and 2284, SE is internally tied low, so data is 


shifted out MSB first, then shifted out a second time lSB first 
at end of conversion. For Ml2281, SE is internally tied high, 
so data is shifted out only once MSB first. 


All internal registersare cleared when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 


The DI input and DO output can be tied together and con- 
trolled through a bidirectional liP I/O bit with one connec- 
tion. This is possible because the 01 input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 


• 
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defines the voltage span of the analog i'nput (the difference 
between VINmax and VINmin) over which the 256 possible 
output codes apply. The devices can be used in either ra- 
tiometric applications or in systems requiring absolute accu- 
racy. The reference pin must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 10k. This pin isthe top of a resistor divider string 
used for the successive approximation conversion. 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the AID 
reference. This voltage 
is typically the system power supply, so the VREFpin can be 
tied to Vcc. This technique relaxesthe stability requirements 
of the system reference asthe analog input and AID refer- 
ence move together maintaining the same output code for a 
given input condition. 


Forabsolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference pin can be biased 
with a time and temperature stable voltage source. 


The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small to allow direct conversion of inputs with lessthan 5 
volts of voltage span. Particular care must be taken with re- 
gard to noise pickup, circuit layout and system error voltage 
sources when operating with a reduced span due to the 
increased sensitivity of the converter. 


1.4 
Analog Inputs and Samplel Hold 


An important feature of the Ml2281 family of devices isthat 
they can be located at the source of the analog signal and 
then communicate with a controlling IJPwith just a few 
wires. This avoids bussing the analog inputs long distances 
and thus reduces noise pickup on these analog lines. How- 
ever, in some cases,the analog inputs have a large common 
mode voltage or even some noise present along with the 
valid analog signal. 


The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both" 
+" and" -" 
inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between" 
+" and" -" 
inputs. 


The Ml2281 family have a true sample and hold circuit 
which samples both" 
+" and" _" 
inputs simultaneously. 


This simultaneous sampling with a true 51H will give com- 
mon mode rejection and AC linearity performance that is 
superior to devices where the two input terminals are not 
sampled at the same instant and where true sample and hold 
capability does not exist. Thus, the Ml2281 family of devices 
can reject AC common mode signals from DC-50kHz aswell 
as maintain 
linearity 
for signals from 
DC-50kHz. 


The signal at the analog input issampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window 
(51 H acquisition time) is 1/, ClK per- 
iod wide and occurs 1/, ClK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes atthe start of the 51H acquisition time, 8 pF of 


the analog input is stored. Any error on the analog input at 
the end of the SIH acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer ClK period can be used. 


The Ml2281X family has improved latchup immunity. Each 
analog input hasdual diodes to the supply rails, and a mini- 
mum of +1- 25 mA (+ 1-100mA typically) can be injected 
into each analog input without causing latchup. 


1.5 
Dynamic Performance 
Signal-to-Noise-Ratio 


Signal-to-noise ratio (SNR)isthe measured signal-to-noise at 
the output of the converter. The signal isthe RMS magnitude 
of the fundamental. Noise isthe RMS sum of all the nonfun- 
damental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more levels, the smaller the quanti- 
zation noise. The theoretical SNR for a sine wave is given by 


where N isthe number of bits. Thus for ideal 8-bit converter, 
SNR~49.92dB. 


Harmonic Distortion 


Harmonic distortion is the ratio of the RMS sum of harmonics 
to the fundamental. Total harmonic distortion (TH D) of the 
Ml2281 Seriesisdefined as 


(V22+V32+V 42+VS2)1/2 


2010g 
------- 


V, 


where V, isthe RMSamplitude of the fundamental and V2, 
V3, V4, Vs are the RMSamplitudes of the individual 
harmonics. 


Intermodulation 
Distortion 


With inputs consisting of sine waves at two frequencies, fA 
and fB,any active device with nonlinearities will create distor- 
tion products, of order (m +nl. at sum and difference frequen- 
cies of mfA+nfB, where m, n ~O, 1,2, 3, .... Intermodulation 
terms are those for which m or n is not equal to zero. The 
(IMD) intermodulation 
distortion specification includes the 
second order terms (fA+fB) and (fA-fB) and the third order 
terms (2fA+fBl. (2fA-fBl. (fA+2fB) and (fA-2fB) only. 


1.6 
Zero Error Adjustment 


The zero of the AID does not require adjustment. If the mini- 
mum analog input voltage value, V1Nmin is not ground, a 
zero offset can be done. The converter can be made to out- 
put 0ס0ooooo digital code for this minimum input voltage by 
biasing any V1N- input at this VIN min value. This utilizes the 
differential mode operation of the AID. 
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The zero error 
of the AI D converter 
relates to the location 
of 


the first riser of the transfer 
function 
and can be measured 
by 


grounding 
the VIN - 
input 
and applying 
a small 
magnitude 


positive 
voltage 
to the V1N + input. 
Zero error 
is the difference 


between 
the actual 
DC input 
voltage 
which 
is necessary 
to 
just cause an output 
digital 
code 
transition 
from 
00000000 
to 


00000001 
and the ideal '12 LSB value 
('12 LSB = 9.8 mV for 


VREF~ 5.000VDcl· 


1.7 
Full-Scale Adjustment 


The full-scale 
adjustment 
can be made 
by applying 
a differen- 


tial input 
voltage 
which 
is 11/2 LSB down 
from 
the desired 


analog 
full-scale 
voltage 
range and then 
adjusting 
the magni- 


tude 
of the VREF input 
or Vcc 
for a digital 
output 
code 
which 


is just changing 
from 
11111110to 11111111. 


1.8 
Adjustment for an Arbitrary Analog Input Voltage 
Range 


If the analog 
zero voltage 
of the AI D is shifted 
away from 


ground 
(for example, 
to accommodate 
an analog 
input 
signal 


which 
does not go to ground), 
this new zero 
reference 
should 


be properly 
adjusted 
first. A VIN + voltage 
which 
equals 
this 


desired 
zero 
reference 
plus '12 LSB (where 
the LSB is calcu- 
lated for the desired 
analog 
span, 1 LSB - analog 
span I 256) is 


applied 
to selected" 
+" input 
and the zero 
reference 
voltage 


at the corresponding" 
-" 
input 
should 
then 
be adjusted 
to 
just obtain 
the 00000000 
to 00000001 
code transition. 


The full-scale 
adjustment 
should 
be made 
by forcing 
a 


voltage 
to the V1N + input 
which 
is given 
by: 


V1N + fs adjust - Vmax 
-1.5*[(Vmax-Vmin) 
I 256] 


where 
Vmax 
- 
high end of the analog 
input 
range 


Vmin 
~ low end (offset zero) 
of the analog 
range 
The VREFor Vcc 
voltage 
is then 
adjusted 
to provide 
a code 


change 
from 
11111110to 11111111. 


1.9 
Shunt Regulator 


A unique 
feature 
of ML2288 
and ML2284 
is the inclusion 
of a 


shunt 
regulator 
connected 
from 
V + terminal 
to ground 


which 
also connects 
to the Vcc 
terminal 
(which 
is the actual 


converter 
supply) 
through 
a silicon 
diode 
as shown 
in Figure 


8. When 
the regulator 
is turned 
on, the V + voltage 
is 


clamped 
at 11VSE set by the internal 
resistor 
ratio. The typical 


I-V curve 
of the shunt 
regulator 
is shown 
in Figure 
9. It should 


be noted 
that before 
V + voltage 
is high enough 
to turn 
on 


the shunt 
regulator 
(which 
occurs 
at about 
5.5 V), 35 kQ of 
resistance 
is observed 
between 
V + and GND. When 
the 


shunt 
regulator 
is not used, V + pin should 
be either 
left float- 


ing or tied to GND. The temperature 
coefficient 
of the regula- 


tor is -22mV/°C. 


\ 1+- 
I 


CURRENT 
LIMITING l 
RESISTOR, 
I+" 15 mA I 
I 
I 
I 
I 
I 
GNol 


Figure 9. 
I-V Characteristic of the 
Shunt Regulator 
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~L2281,~L2282,~L2284,~L2288 


Mnemonic 
Instruction 


START 
ANL 
P1,#OF7H 
;SELECTAID 
(CS -0) 
MOV 
B,#S 
;BIT COUNTER 
- 
S 
MOV 
A,#ADDR 
;A +- MUX BIT 
LOOP 1: 
RRC 
A 
;CY - 
ADDRESS BIT 


JC 
ONE 
;TESTBIT 
;BIT~O 
ZERO: 
ANL 
P1,#OFEH 
;DI-O 
SjMP 
CONT 
;CONTINUE 
;BIT~l 
ONE: 
ORL 
P1,#1 
;D1-1 
CONT: 
ACALL 
PULSE 
;PULSE SK0 -+ 1 -+ 0 
DjNZ 
B, LOOP 1 
;CONTINUE 
UNTIL 


DONE 
ACALL 
PULSE 
;EXTRA CLOCK FOR 
SYNC 
MOV 
B,#8 
;BIT COUNTER 
- 
8 
LOOP 2: 
ACALL 
PULSE 
;PULSE SK0 -+ 1 -+ 0 
MOV 
A, P1 
;CY - 
DO 
RRC 
A 
RRC 
A 
MOV 
A,C 
;A - 
RESULT 
RLC 
A 
;A(O) - 
BIT AND SHIFT 


MOV 
C,A 
;C - 
RESULT 
DjNZ 
B, LOOP 2 
;CONTINUE 
UNTIL 
DONE 
RETI 


;PULSE SUBROUTINE 
PULSE: 
ORL 
Pl,#04 
;SK -1 
NOP 
;DELAY 
ANL 
Pl, #OFBH 
;SK - 
0 
RET 
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ClOSET~ 
START THE 


AID CONVERSION 


5Voc 


51k (4) 
START BIT 


SGl/ 
DIF 
i i J i 
11 
12 
13 
14 
3 


S 


15 
PARAllEL 
INPUTS 
NC 


ClK 
INPUT SHIFT REGISTER 
74HC165 


+lr 
VCC 
DO 


START 
14 


5VOC 


18 
17 -=- • 


5VOC 
CS 
ANALOG 
INPUTS 


5VOC 


16 
Si 
13 
ClK 
M12288 


51k 


S 
1/274HC74 


MSB 


10k 
TAMIN 
ADJ. 


10k 
TAMAX 
AD). 


-J:> Micro Linear 


CONTROLLER PERFORMSA ROUTINE TO DETERMINE WHICH 
INPUT POLARITY PROVIDESA NON-ZERO OUTPUT CODE. 
THIS INFORMATION PROVIDESTHE EXTRABITS. 


Vcc 
O.IQ 
_llOAD 
(2A FULL-SCALE) 


(SVocl 


l00Q 
VCC 
(SVocl 
V'N(-) 
VCC 


+ 
240k 
rlO~F 
2k 


ML22B1 
9.1k 


100Q 
LM336 


ZERO 
V,N(+) 
VREF 


ADJ. 


120k 


20k 


V'N(+) 
VCC 
+ 


VIN(-)· 
IlO~F 


3k 
ML22B1 
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+I 


lO~F 
10k 
_ 
FS 
- 
ADJ. 
,---- 
I 
I 


I 
I 
I 
I 
• 


1k 


2.7k 
2Voc 
IEROADI· 


• 
USES ONE MORE 
WIRE THAN 
LOAD CELL ITSELF 
• 
TWO 
MINI-DIPs 
COULD 
BE MOUNTED 
INSIDE 
LOAD CELL 
FOR DIGITAL OUTPUT 
TRANSDUCE 
R 
• 
ELECTRONIC 
OFFSET AND GAIN 
TRIMS RELAX MECHANICAL 
SPECS FOR GAUGE 
FACTOR AND OFFSET 
• 
LOW LEVEL CELL OUTPUT 
IS CONVERTED 
IMMEDIATELY 
FOR 
HIGH 
NOISE 
IMMUNITY 


USES THE PSEUDO-DIFFERENTIAL 
MODE 
TO KEEP THE DIFFER- 
ENTIAL INPUTS 
CONSTANT 
WITH 
CHANGES 
IN REFERENCE 
TEMPERATURE 
(TOEF). 
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~L2281,~l2282,~l2284,~l2288 


24 
6.2 
200 
k 
k 
k 


+IN 


MU281 


-IN 
CS 


":" 


VREF 
2 10k 
Vcc 
5k 


47 
3.9 
300 
V+ 
k 
k 
k 
Vo 
GND 


• ALL POWER SUPPLIED BYLOOP 
• 1500V ISOLATION ATOUTPUT 


TRANSFORMER 
TRW- TC-SSD-32 
3 
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~l2281,~l2282,~l2284,~l2288 
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START 
~~ 
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TOTAL 
UNADJUSTED 
ERROR 


ML2281BMJ 
ADC0831Bj 
±'hLSB 
-55°C 
to +125°C 
HERMETIC DIP (j08) 


ML2281Blj 
ADC0831BCj 
-40°Cto 
+85°C 
HERMETIC DIP (j08) 


ML2281BCP 
ADC0831BCN 
0° to +70°C 
MOLDED 
DIP (P08) 


ML2281C1j 
ADC0831CCj 
±lLSB 
-40°C 
to +85°C 
HERMETIC DIP (j08) 
ML2281CCP 
ADC0831CCN 
DoC to +70°C 
MOLDED 
DIP (P08) 


ML2282BMj 
ADC0832BJ 
±'hLSB 
- 55°C to +125°C 
HERMETIC DIP (j08) 
ML2282BIj 
ADC0832BCj 
-40°C 
to +85°C 
HERMETIC DIP (j08) 
ML2282BCP 
ADC0832BCN 
DoC to +70°C 
MOLDED 
DIP (P08) 
ML2282C1j 
ADC0832CCj 
±1 LSB 
-400Cto 
+85°C 
HERMETIC DIP (J08) 


ML2282CCP 
ADC0832CCN 
DoC to +700C 
MOLDED 
DIP (P08) 


ML2284BMj 
ADC0834Bj 
±'hLSB 
- 55°C to +125°C 
HERMETIC DIP (J14) 


ML2284Blj 
ADC0834BCj 
-40°Cto 
+85°C 
HERMETIC DIP (j14) 


ML2284BCP 
ADC0834BCN 
0° to +70°C 
MOLDED 
DIP (P14) 
ML2284Clj 
ADC0834CCj 
±lLSB 
-40°Cto 
+85°C 
HERMETIC DIP (J14) 
ML2284CCP 
ADC0834CCN 
DoC to +70°C 
MOLDED 
DIP (P14) 


ML2288BMj 
ADC0838BJ 
± 'hLSB 
- 55°C to +85°C 
HERMETIC DIP (j20) 
ML2288BIj 
ADC0838BCj 
-40°Cto 
+85°C 
HERMETIC DIP (j20) 
ML2288BCP 
ADC0838BCN 
O°Cto 
+70°C 
MOLDED 
DIP (P20) 


ML2288BCQ 
ADC0838BCV 
DoC to +70°C 
MOLDED 
PCC (Q20) 


ML2288C1J 
ADC0838CCJ 
±1 LSB 
-40°C 
to +85°C 
HERMETIC DIP (j20) 
ML2288CCP 
ADC0838CCN 
DoC to +70°C 
MOLDED 
DIP (P20) 
ML2288CCQ 
ADC0838CCV 
DoC to +70°C 
MOLDED 
PCC (Q20) 
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PRELIMINARY 


ML2340, ML2350 


Single Supply, Programmable 
8-Bit DfA Converters 


The ML2340 and ML2350 are CMOS voltage output, 8- 
bit D/A converters with an internal voltage reference 
and a liP interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output 
voltage 


swings above zero scale (Vzs) in the unipolar mode or 
around zero scale (Vzs) in the bipolar mode, both with 
programmable 
gain. Vzs can be set to any voltage 


from AGND to 2.25V below Vcc. The digital and 
analog grounds, DGND and AGND, are totally 
independent 
of each other. DGND can be set to any 


voltage from AGND to 4.5V below Vcc for easy 
interfacing to standard TIL and CMOS logic families. 


The high level of integration 
and versatility of the 


ML2340 and ML2350 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application 
is controlling 
a hard 


disk voice coil. 


The internal reference of the ML2340 provides a 2.25V 
or 4.50V output 
for use with AID converters that use a 


single 5V ± 10% power supply, while the ML2350 
provide a 2.50V or 5.00V reference output. 


• Programmable 
output 
voltage gain settings of 2, 1, 


1/2,1,4provide 
8-, 9-, 10-, or 11-bit effective 
resolution 
around 
zero . 


• AGND to Vcc output'voltage 
swing 
• Bipolar or unipolar 
output 
voltage 
• 4.5V to 13.2V single supply or ±2.25V to ±6.5V 


dual-supply 
operation 
• Transparent latch allows microprocessor 
interface 


with 
30ns setup time 
• Data flow through 
mode 
• Voltage reference 
output 
• 
ML2340 
2.25V or 4.50V 


ML2350 
...................•.. 
... 
2.50V or 5.00V 


• Nonlinearity 
.. 
±1f4 LSB or ±1/2 LSB 


• Output 
voltage settling time over temperature 
and 


supply voltage tolerance 
Within 
1y of Vcc and AGND 
.... :... 
2.5/1s max 


Within 
100mV of Vcc and AGND 
5/1s max 


• TIL and CMOS compatible 
digital 
inputs 


• Low supply current'(5V 
supply) 
5mA max 


• 18-pin DIP or surface mount 
SOIC 
• Operating 
temperature 
range of O°C to +70°C, 


-40°C to +85°C, and -55°C to +125°C 


vREFOUTTI 


VZS 
Vcc 
i i 


AGNDi 


ML2340 
ML2350 
18-Pin 
DIP 


Ml2340 
Ml2350 
18-Pin SOIC 


vcc 
VREF IN 


Your 
VREF OUT 
Vcc 


v,s 
GAIN 1 
Your 


v,s 


AGND 
GAIN 0 
AGND 
Your 
DGND 
DGND 
XFER 
DBO 
DBl 
DB7 
DB2 
DB3 


DBl 
DB6 


DB2 
DB5 


DB4 


TOP VIEW 
GAINOGAINl 


VREF IN 


VREF OUT 
GAIN 1 
GAIN 0 
XFER 
DB7 
DB6 
DB5 
DB4 
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ML2340, 
ML2350 


PIN DESCRIPTION 


PIN 1* 
NAME 
FUNalON 
PIN 1* 
NAME 
FUNalON 


1 
Vcc 
Positive supply. 
8 
DB2 
Data input - 
Bit 2. 


2 
VOUT 
Voltage' output 
of the D/A 
9 
DB3 
Data input - 
Bit 3. 
converter. VOUT is referenced 
to 
10 
DB4 
Data input 
- 
Bit 4. 


VZS' 
11 
DB5 
Data input - 
Bit 5. 
3 
Vzs 
Zero Scale Voltage. VOUT is 
referenced 
to Vzs. Vzs is normally 
12 
DB6 
Data input - 
Bit 6. 


tied to AGND in the unipolar 
13 
DB7 
Data input - 
Bit 7 (MSB). 
mode or to mid-supply 
in the 
14 
XFER 
Transfer enable input. The data is 
bipolar 
mode. When the device is 
transferred 
into the transparent 
operated 
from a single power 
latch at the high level of XFER. 
supply, Vzs has a maximum 
current 
requirement 
of -300tJA in 
15 
GAIN 0 
Digital gain setting input 
O. 


the bipolar 
mode. 
16 
GAIN 1 
Digital gain setting input 
1. 
4 
AGND 
Analog ground. 
17 
VREFOUT 
Voltage reference 
output. 


5 
DGND 
Digital ground. 
This is the ground 
VREFOUT is referenced 
to AGND. 


reference 
level for all digital 
VREFOUT is set to 2.5V and 5.0V in 
inputs. The range is AGND < (Vee 
a low-voltage 
and high-voltage 


- 4.5V). DGND 
is normally 
tied to 
operation, 
respectively 
for the 
system ground. 
ML2350; 2.25V and 4.5V for the 


6 
DBO 
Data input - 
Bit 0 (LSB). 
ML2340. 


7 
DB1 
Data input - 
Bit 1. 
18 
VREFIN 
Voltage reference 
input. VREFIN is 


referenced 
to AGND. 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage Vcc with Respectto AGND 
14.2V 


DGND 
-D.3V to Vcc + O.3V 


Vzs. VREF IN 
.....................•••..•..• 
-O.3Vto Vcc + O.3V 


logic Inputs 
-O.3Vto Vcc + O.3V 


Input Current per Pin (Note 2) 
±2SmA 


Storage Temperature 
-6SoCto +150°C 
PackageDissipation at TA = 25°C (Board Mount) ..... 
875mW 


lead Temperature (Soldering 10 sec.) 
Dual-In-line Package(Molded) 
. .. 260°C 
Dual-In-line Package(Ceramic) 
300°C 
Molded Small Outline IC Package 
Vapor Phase(60 sec.) .. 
215°C 


Infrared (15 Sec.) 
. . . 
. . . 
220°C 


OPERATING CONDITIONS 
(Note 1) 


Supply Voltage, Vcc ................•..... 
4.5Voc to 13.2Voc 


Temperature Range(Note 3) 
TMIN :s TA :s TMAX 


Ml2340BMj. Ml2340CMJ 
Ml2350BMj. Ml2350CMJ .........•...... 
-55°C to +12SoC 


Ml2340Blj. Ml2340ClJ 
Ml2350BIj, Ml2350ClJ 
-40°C to +85°C 


Ml2340BCp, Ml2340CCP 
Ml2350BCp, Ml2350CCP 
Ml2340BCS, Ml2340CCS 
Ml2350BCS, Ml2350CCS 
.. .. . .. .. .. .. .. .. ... O°Cto +70°C 


'-Micro 
Linear 


ELECTRICAL 
CHARACTERISTICS 


Unless 
otherwise 
specified, 
TA = TMIN to 
TMA)(, Vcc 
- AGND 
= SV ± 10% 
and 
12V ± 10%, 
VREF IN for 
ML2340 
= 2.2SV 


and 
4.50Y, 
for 
ML23S0 
VREF IN = 2.50V 
and 
S.OOY, VOUT 
load 
is RL = 1K and 
CL = 100pF, 
VREF load 
is RL = 1K and 


CL = 100pF 
and 
input 
control 
signals 
with 
tR = tF ::; 20ns. 


Converter 
Resolution 
5 
8 
8 
Bits 


Integral 
linearity 
Error 
5 
GAIN ~ 2, 1, '12, or '4 


Ml234OBXX, 
Ml2350BXX 
±'4 
±1f4 
lSB 
M1234OCXX, Ml2350CXX 
±V, 
±V, 
lSB 


Differential 
linearity 
Error 
5 
GAIN ~ 2, 1, V" or '4 


Ml234OBXX, 
Ml2350BXX 
±'4 
±1f4 
lSB 
Ml234OCXX, 
Ml2350CXX 
±V, 
±V, 
lSB 


Mode 
Select 
5 
Vzs with 
respect 
to AGND 


Unipolar 
Output 
0 
1.0 
0 
1.0 
V 
Bipolar 
Output 
1.50 
Vcc-2.25 
1.50 
Vcc-2.25 
V 


Offset 
Error 
5 
Figure 
1 


Unipolar 
Mode 
GAIN ~ '14, V" 1 
±10 
±12 
mV 


GAIN 
= 2 
±20 
±24 
mV 


Bipolar 
Mode 
5 
Figure 
1 
GAIN 
= '4, V" 1, 2 
±10 
plus 
±10 
plus 
mV 


±2V, 
lSB 
±2V, 
lSB 


Gain 
Error 
5 
Figure 
1 


Unipolar 
Mode 
GAIN 
= '4, V" 1, 2 
±.5 
±2 
±.5 
±2.5 
%FS 
Bipolar 
Mode 
GAIN 
= '.4, V" 1, 2 
±.5 
±2 
±.5 
±2.5 
%FS • 


VREFOUT Voltage 
5 


Ml2340BXX 
Vcc:S 
ZOV 
TA = 25°C 
2.23 
2.25 
2.27 
2.23 
2.25 
2.27 
V 


TM1Nto TMA)( 
2.22 
2.28 
2.18 
2.32 
V 


Vcc 
2" 8.0V 
TA = 25°C 
4.48 
4.50 
4.52 
4.48 
4.50 
4.52 
V 


TM1Nto TMA)( 
4.46 
4.54 
4.43 
4.57 
V 


Ml2340CXX 
Vcc:S 
ZOV 
TA = 25°C 
2.22 
2.25 
2.29 
2.22 
2.25 
2.28 
V 


TM1Nto TMA)( 
2.20 
2.30 
2.18 
2.32 
V 


Vcc 2" 8.0V 
TA ~ 25°C 
4.45 
4.50 
4.55 
4.45 
4.50 
4.55 
V 


TM1Nto TMA)( 
4.40 
4.60 
4.35 
4.65 
V 


Ml2350BXX 
5 
Vcc:S 
ZOV 
TA = 25°C 
2.48 
2.50 
2.52 
2.48 
2.50 
2.52 
V 


TM1Nto TMA)( 
2.47 
2.53 
2.43 
2.57 
V 


Vcc 2" 8.0V 
TA ~ 25°C 
4.98 
5.00 
5.02 
4.98 
5.00 
5.02 
V 


TM1Nto TMA)( 
4.96 
5.04 
4.90 
5.10 
V 


Ml2350CXX 
Vcc:S 
ZOV 
TA = 25°C 
2.45 
2.50 
2.55 
2.46 
2.50 
2.55 
V 


TM1Nto TMA)( 
2.44 
2.58 
2.42 
2.59 
V 


Vcc 
2" 8.0V 
TA ~ 25°C 
4.95 
5.00 
5.05 
4.95 
5.00 
5.05 
V 


TM1Nto TMA)( 
4.90 
5.10 
4.85 
5.15 
V 


Temperature 
Coefficient 


VREFOUT 
50 
50 
ppml°C 


VREFOutput 
Current 
5 
0.75 
5 
0.75 
5 
mA 


VREFOUT Power 
Supply 
5 
100mVp_p, 
1kHz 
-40 
-60 
-40 
-60 
dB 
Rejection 
Ratio 
Sinewave 
on 
VCC 


'Micro 
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Unless 
otherwise 
specified, 
TA = T MIN 
to 
T MAX, 
Vcc 
- AGND 
= SV ± 10% and 
12V ± 10%, VREF IN for 
ML2340 
= 2.2SV 
and 
4.50V; 
for 
ML23S0 
VREF IN = 2.50V 
and 
S.OOY, VOUT 
load 
is RL = 1K and 
CL = 100pF, VREF load 
is RL = 1K and 
CL = 100pF 
and 
input 
control 
signals 
with 
tR = tF :5 20ns. 


VREFIN Input 
Range 
5 
Vcc :s 8.75V 
AGND+2 
Vcc-1.75 
AGND+2 
Vcc-1.75 
V 


Vcc ;;:: 8.75V 
AGND+2 
AGND+7 
AGND+2 
AGND+7 
V 


VREFIN DC Input 
5 
10 
10 
MO 


Resistance 


V15 Voltage 
Range 
5,8 
Vcc:S 
7.0V 
AGND 
Vcc- 
AGND 
Vcc- 
V 


2.25 
2.25 


VOUT Output 
Swing 
Unipolar 
Mode 
5,8 
Rl = 100K 
AGND+ 
Vcc-·05 
AGND+ 
Vcc-·05 
V 


0.01 
0.01 


Rl = 1K 
AGND+ 
Vcc-1.0 
AGND+ 
Vcc-1.O 
V 


1.0 
1.0 


Bipolar 
Mode 
5 
Rl = 100K 
AGND+ 
Vcc-0.1 
AGND+ 
Vcc-0.1 
V 


0.1 
0.1 


Rl = 1K 
AGND+ 
Vcc-1.O 
AGND+ 
Vcc-1.0 
V 


1.0 
1.0 


VOUT Output 
Current 
5 
AGND+1V<VOUT<Vcc-1V 
-10 
+10 
-10 
+10 
mA 


Power 
Supply 
100mVp_p, 1kHz 
-60 
-60 
dB 
Rejection 
Ratio 
sinewave 
on Vcc 


VIN10)Logical "0" 
5 
0.8 
0.8 
V 


Input 
Voltage 


V,NI1) Logical "1" 
5 
2.0 
2.0 
V 
Input 
Voltage 


IINIO)logical 
"0" 
5 
VIN = DGND 
-1 
-1 
pA 


Input 
Current 


IIN(1)Logical "1" 
5 
V1N = Vcc 
1 
1 
pA 
Input 
Current 


Supply 
Current, 
Bipolar 
Mode 
IC0 Vcc 
Current 
5 
Vcc 
= 5V ± 10% 
5.3 
5.3 
mA 
IAGNO, 
Analog 
Ground 
Current 
-5.0 
-5.0 
mA 
Ivzs, V15 Current 
-90 
-300 
-90 
-300 
pA 


IC0 Vcc 
Current 
5 
Vcc 
= 12V ± 10% 
9.3 
9.3 
mA 


IAGNlP 
Analog 
Ground 
Current 
-9.0 
-9.0 
mA 
IVZs. V15 Current 
-90 
-300 
-90 
-300 
pA 
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ELEORICAL 
CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
TA = TMIN to 
TMA)(, Vcc 
- AGND 
= SV ± 10% and 
12V ± 10%, VREF IN for 
ML2340 
= 2.2SV 
and 
4.50Y, 
for 
ML23S0 
VREF IN = 2.50V 
and 
S.OOY, VOUT 
load 
is RL = 1K and 
CL = 100pF, VREF load 
is RL = 1K and 


CL = 100pF 
and 
input 
control 
signals 
with 
tR = tF ~ 
20ns. 


Supply 
Current, 


Unipolar 
Mode 
ICG Vcc 
Current 
5 
Vcc 
~ 5V ± 10% 
6.0 
6.0 
mA 
IAGND< 
Analog 
Ground 
Current 
-4.3 
-4.3 
mA 
Ivzs, Vzs Current 
-1.7 
-1.7 
mA 


ICG Vcc 
Current 
5 
Vcc 
= 12V ± 10% 
11.0 
11.0 
mA 
IAGND, 
Analog 
Ground 
Current 
-73 
-73 
mA 
Ivzs< Vzs Current 
-3.7 
-3.7 
mA 


Settling 
Time 
5 
Figure 2, 
tS1 
Output 
Step of AGND 
+ 1V 
1.2 
2.5 
1.2 
3.0 
/lS 


to Vcc 
- lV, RL = lK 


tS2 
Output 
Step of 
2.5 
5 
2.5 
6 
/lS 


AGND 
+ loomV 
to 
Vcc-loomV, 
RL ~ lOOK 


tS3 
Output 
Step of ±1 LSB 
1 
1 
/lS 


tS4-Gain Change 
Change 
of Any Gain Setting 
1.1 
2.5 
1.1 
/lS 


tXFEIVXFER Pulse Width 
5 
Figure 3 
60 
60 
ns 


tDBS<DBO-DB7 
5 
Figure 3 
40 
45 
ns 
Setup Time 


tDBH, DBO-DB7 
5 
Figure 3 
0 
0 
ns 
Hold 
Time 


tRESET,Power-On 
6 
16 
16 
/lS 
Reset Time 


• 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified 
are 
measured 
with 
respect 
to analog 
ground. 


When the voltage at any pin exceeds the power supply rails (V'N < AGND or V'N > Vccl the absolute value of current at that pin 
should be limited to 2SmA or less. 


-55°C 
to +125°C 
operating 
temperature 
range 
devices 
are 100% tested 
at temperature 
extremes 
with 
worst-case 
test conditions. 
-40°C 


to +8SoC operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% testing, sampling, or by 


correlation 
with 
worst-case 
test conditions. 


Typicals 
are 
parametric 
norm 
at 25°C. 
Parameter guaranteed and 100% production 
tested. 


Parameter 
guaranteed. 
Parameters 
not 100% tested 
are 
not in outgoing 
quality 
level 
calculation. 
Supply current and analog ground current are specified with the digital inputs stable and no load on Your. 
In unipolar operation with Vzs and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND 
should be avoided. 


Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
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r 
ANALOG 
OUTPUT 
+ OFFSET (ZERO) ERROR 


GAIN 
0, GAIN 
1 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
-'~'~ 
_ 
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XFER 


Jr~Micro Linear 


The D/A converter 
is implemented 
using an array of 


equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 


The input voltage reference of the D/A converter is the 
difference between VREFIN and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 


ML2340, ML2350 


in the D/A converter. The D/A converter output 
current 


is then converted to a voltage output 
by an output 


buffer and a resistive network. The matching among the 
on-chip 
resistors preserves the gain accuracy between 


these conversions. 


The D/A converter can be used in a multiplying 
mode 


by modulating 
the reference input within the specified 


VREFIN range. 


DACoUT 


Il'.COUT 
• 


1.2 
SINGLE-SUPPLYvs. DUAL-SUPPLYOPERATION 


ML2340 and ML2350 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from ±2.25V to ±6.6V. 


The internal digital and analog circuitry 
is powered 


between Vcc and AGND. The range of DGND is 
AGND S DGND S Vcc - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TIL 
logic level). The range of Vzs is AGND S VZSS (Vcc - 
2.25V). 


1.3 
UNIPOLAR AND BIPOLAR OUTPUT VOLTAGE 
SWING 


The ML2340 and ML2350 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined 
by comparing the zero 


scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs is ideally the 
voltage that will be produced 
at the DAC voltage 
output when the digital input data is set to all "O's". 
Unipolar 
mode is selected when Vzs is lower than 1.00 


volt, and bipolar mode is selected when Vzs is greater 
than 1.50 volts. 


1.3.1 
Unipolar Output Mode 


In the unipolar 
mode, VOUTswings above Vzs. Ideally 


the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
VFSx 255/256, where VFSis the full-scale voltage 
determined 
by VREFIN and the gain setting. 


1.3.2 
Bipolar Output Mode 


In the bipolar mode, VOUT swings around Vzs. The 
input data is in 2's complement 
binary format. Ideally, 


the 00000000 code results in an output voltage of Vzs; 
the 10000000 code results in an output voltage of (Vzs 
- VFS);and the 01111111 results in an output voltage of 
(Vzs + VFs 127/128), where VFSis the full scale output 
voltage determined 
by VREFIN and the gain setting. 


The output 
buffer converts the D/A output current to a 


voltage output 
using a resistive network with proper 


gain setting determined 
by the GAIN 0 and GAIN 1 


inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 


Voltage Output Swing 


GAIN 1 
GAIN 0 
GAIN 
Relative to Vzs 


0 
0 
1,4 
VREFIN x 1,4 


0 
1 
V2 
VREFIN x V2 


1 
0 
1 
VREFIN x 1 


1 
1 
2 
VREFIN x 2 


G~Micro Linear 


\..Jf\II"t 
I 
Uf"\II 
.• 
V 
•....•'""'.,'" 
·..... 
·~-O---~I- 
, -, 


0 
0 
'14 
±V REFIN 
X '18 


0 
1 
'12 
±VREFIN 
X '14 


1 
0 
1 
±VREFIN 
X '12 


1 
1 
2 
±VREFIN 
X 1 


The output 
buffer can source or sink as much as 10mA 


of current with an output voltage of at least 1V from 
either Vcc or AGND. As the output voltage approaches 
Vcc or AGND the current sourcing/sinking 
capability of 


the output 
buffer is reduced. The output buffer can still 


swing down to within 10mV of AGND and up to within 
40mV of Vcc with a 100K load at VOUTto AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 


1.5 
VOITAGE REFERENCE 


A bandgap voltage reference is incorporated 
on the 
ML2340 and ML2350. Two reference voltages can be 
produced 
by each device. An internal comparator 


monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2340 and 2.50 volts on the 
ML2350 is selected when the supply voltage is less than 
approximately Z50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between ZOand 
8.0 volts. 


The bandgap reference is trimmed 
for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature 
range. 


The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than SmA of current and sink more than 1mA of 
current. With VREFIN connected to VREFOUT,the 
following 
output voltage ranges of the DAC are 
obtained: 


V REF = 2.25V with 
VREF = 4.5V with 


Gain 
Vcc:::; 
7.0V 
Vcc 2: 8.0V 


Setting 
Unipolar 
Bipolar 
Unipolar 
Bipolar 


1,4 
o to O.562V 
-D.281V to 
o to 1.125V 
-0.562V 
to 
+O.281V 
+O.562V 
'I, 
o to 1.125V 
-0.562V to 
o to 2.250V 
-1.125V to 
+O.562V 
+1.125V 


1 
o to 2.250V 
-1.125V to 
o to 4.500V 
-2.250V 
to 
+1.125V 
+2.250V 


2 
o to 4.500V 
-2.250V 
to 
o to 9.000V 
-4.500V 
to 
+2.250V 
+4.500V 


Gain 
vcc ~ 
I.VV 
ycc::..... u.v .•. 


Setting 
Unipolar 
Bipolar 
Unipolar 
Bipolar 


1,4 
o to O.625V 
-D.3125V to 
o to 1.25V 
-o.625V 
to 
+O.3125V 
+O.625V 


'I, 
o to 1.250V 
-o.6250V 
to 
o to 2.50V 
-1.250V to 


+O.6250V 
+1.250V 


1 
o to 2.500V 
-1.2500V to 
o to 5.00V 
-2.500V 
to 


+1.2500V 
+2.500V 


2 
o to 5.000V 
-2.5000V 
to 
o to 10.00V 
-5.000V 
to 


+2.5000V 
+5.000V 


An external reference can alternatively be used on 
VREFIN to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 


1.6 
DIGITAL INTERFACE 


The digital interface of the ML2340 and ML2350 consist 
of a transfer input (XFER)and eight data inputs, DBO 
through 
DBZ The digital interface operates in one of 


the two modes: 


1.6.1 
Single-BufferedMode 


Digital input data on DBO-DB7 is passed through 
an 8- 
bit transparent input latch on the rising edge of XFER. 
Because the outputs of the latch are connected directly 
to the inputs of the internal DAC, changes on the 
digital data while the XFERinput is still active will cause 
an immediate change in the DAC output voltage. To 
hold the input data on the latch, the XFERinput needs 
to be deactivated while the data is still stable. 


1.6.2 
Flow-Through Mode 


In the flow-through 
mode, the input latch is bypassed. 
When XFERis set to logic u1'~ a change of data inputs, 
DBO-DB7,results in an immediate update of the output 
voltage. 


1.7 
POWER-aN-RESET 


The ML2340 and ML2350 have an internal power-an-reset 
circuit to initialize the device when power is first applied 
to the device. The power-an-reset 
interval of typically 
8f.ls begins when the supply voltage, Vcc reaches 
approximately 2.0'1.During the power-an-reset 
interval, 
the transparent latch is reset to all "O's". 
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Ml2340 


D/A 
WITH 
REfERENCE 


DB7 
DBO 


INT 
lID 


VIN 
Ml2261 


TMS320 


IE14 
C15 
• 


,------------------------------------, 
I 
I 
I 
I 


I 
5.0V - 100mV 
I 


I 
1 


I 
I 


I 
I 


I 
: 
I 
I 


I 
I 


: 
:::';' 


I 
1 


I 
1.25V 
I 


I 
~256 
CODES 
.625V 
I 


I 
~256 
CODE5 I 


I 
GND 
GND 
GND 
~ 
GND 
I 


I 
VOUl, 
GAIN 2 
VOUT, CAIN 
1 
VOUT, GAIN 
lh 
VOUl, 
GAIN I/~ 
: 


I 
I 
L 
~ 
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2.0 
TYPICAL APPLICATIONS (Continued) 


BIPOlAR 


Your 


AROUND 
4.5Y 


r- 
-- 
-- 
- - -- 
- - - - - - - --- 
--- 
- ------- 
---------- 


I 
I 


~,;;'i:,." 


4.5Y 


2.25V 
YOUT, GAIN - 1 


5.&25Y 


~ 


25& 
CODES ~25& 
CODES 


4.5Y 
=s: ~·~~o" 
3.938Y 


Your, c1i~7~~h Your, GAIN'" lh 
I 
I 
I 
I 
I 


Your, 
GAIN· 
2 
I 
L 
~ 


+12V 
+5Y 
+12V 


+5Y 
19 


Ycc 
+12V 
11 
PWR YC 


.1I'FI 
OUTPUT+ 
10 


ML2340 
-=- 
1& 
13 


17 
REF PWR GND A 
XFER 
.1I'F~ 
10 


DDO 
20 
VREF OUT 
RSENSE 


MICRO- 
VREF IN 
ML440& 
CONTROLLER 
SERVO 


Yzs 
14 
CONTROL+ 
COIL 
12 


Your 
15 
OUTPUT- 
DB7 
CONTROL- 


PWR GND 
B 


GAIN 0 
DISABLE 
19 


GAIN 1 
AGND 
GND 


DGND 
FROM 
20 
POWERFAIL YIREn 
MOTOR 
WINDINGS 


RETRACT 


HIGH/LOW 
4 


RIRET) 


IIRETI SET 
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INTEGRAL & DIFFERENTIAL 
PART NUMBER 
NON-LINEARITY 


VREFOUT = 2.25V with Vcc 
= 5V 


TEMPERATURE 


RANGE 


Ml2340BMj/5 
±1f.I lSB 
-55°C to +125°C 
HERMETIC DIP (J18) 


ML2340Blj/5 
-4O°C to +85°C 
HERMETIC DIP (J18) 
ML2340BCP/5 
O°C to +70°C 
MOLDED 
DIP (P18) 
ML2340BCQ/5 
O°C to +70°C 
MOLDED 
PCC (Q18) 


ML2340CMj/5 
±V2 LSB 
-55°C to +125°C 


~" 
HERMETIC DIP (J18) 
ML2340C1]/5 
-40°C to +85°C 
HERMETIC DIP (J18) 


ML2340CCP/5 
O°C to +70°C 
MOLDED 
DIP (P18) 


ML2340CCQ/5 
." 
O°C to +70°C 
MOLDED 
PCC (Q18) 


VREFOUT = 2.50V with VCC = 5V 


ML2350BM]/5 
ML2350Blj/5 
ML2350BCP/5 
ML2350BCQ/5 
ML2350CMj/5 
ML2350CI]/5 
ML2350CCP/5 
ML2350CCQ/5 


VREFOUT = 4.50V with VCC = 12V 


-55°C to +125°C 
-4O°C to +85°C 
O°C to +70°C 
O°C to +70°C 
-55°C to +125°C 
-4O°C to +85°C 
O°C to +70°C 
O°C to +70°C 


HERMETIC DIP (]18) 
HERMETIC DIP (J18) 
MOLDED 
DIP (P18) 


MOLDED 
PCC (Q18) 


HERMETIC DIP (J18) 
HERMETIC DIP (J18) 
MOLDED 
DIP (P18) 


MOLDED 
PCC (Q18) • 
ML2340BMj/12 
±1f.I LSB 
-55°C to +125°C 
HERMETIC DIP (J18) 
ML2340Blj/12 
-4O°C to +85°C 
HERMETIC DIP (J18) 
ML2340BCP/12 
O°C to +70°C 
MOLDED 
DIP (P18) 


ML2340BCQ/12 
O°C to +70°C 
MOLDED 
PCC (Q18) 


ML2340CMj/12 
±Y2 LSB 
-55°C to +125°C 
HERMETIC DIP (j18) 


ML2340C1]/12 
-40°C to +85°C 
HERMETIC DIP (j18) 


ML2340CCP/12 
O°C to +70°C 
MOLDED 
DIP (P18) 


Ml2340CCQ/12 
)" 
O°C to +70°C 
MOLDED 
PCC (Q18) 


ML2350BMj/12 
±1f.I LSB 
-55°C to +125°C 
HERMETIC DIP (J18) 
ML2350Bljl12 
-4O°C to +85°C 
HERMETIC DIP (J18) 
Ml2350BCP 112 
O°C to +70°C 
MOLDED 
DIP (P18) 
ML2350BCQ/12 
O°C to +70°C 
MOLDED 
PCC (Q18) 


ML2350CMj/12 
±Y2 LSB 
-55°C to +125°C 
HERMETIC DIP (J18) 


ML2350Clj/12 
-40°C to +85°C 
HERMETIC DIP (J18) 


ML2350CCP 112 
O°C to +70°C 
MOLDED 
DIP (P18) 


ML2350CCQ/12 
O°C to +70°C 
MOLDED 
PCC (Q18) 
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PRELIMINARY 


ML2341, ML2351 


Single Supply, Programmable 
8-Bit OfA Converters 


The ML2341 and ML2351 are CMOS voltage output, 
8-bit D/A converters with an internal voltage reference 
and a fiP interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (Vzs) in the unipolar mode or 
around zero scale (Vzs) in the bipolar mode, both with 
programmable 
gain. Vzs can be set to any voltage 


from AGND to 2.2W below Vcc. 
The digital and 


analog grounds, DGND and AGND, are totally 
independent 
of each other. DGND can be set to any 


voltage from AGND to 4.5V below Vcc 
for easy 


interfacing to standard TIL and CMOS logic families. 


The high level of integration and versatility of the 
ML2341 and ML2351 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is controlling 
a hard 


disk voice coil. 


The ML2341 provides a 2.25V or 4.50V reference 
output for use with AID converters that use a single 
5V ± 10% power supply, while the ML2351 provides a 
2.50V or 5.00V reference output. 


• Programmable 
output 
voltage gain settings of 2, 1, 
Y2, 1/4 provide 
8-, 9-, 10-, or 11-bit effective 


resolution 
around zero 
• AGND to VCC output 
voltage swing 


• Bipolar or unipolar 
output 
voltage 


• 4.5V to 13.2V single supply or ±2.2SV 
to ±6.5V 


dual-supply 
operation 
• Single- and double-buffered, 
edge-triggered 


interface with 30ns write time, Ons hold time 


• Voltage reference output 
ML2341 
.. ..... ... .. ...... ..... 
2.25V or 4.50V 


ML2351 
" 
2.50V 
or 5.00V 


• Nonlinearity 
. 
±1/4 LSB or ±Y2 LSB 


• Output 
voltage settling time over temperature 
and 
supply voltage tolerance 


Within 
1V of Vcc 
and AGND 
2.5f..1smax 


Within 
100mV 
of Vcc 
and AGND 
5fiS max 


• TIL and CMOS compatible 
digital inputs 


• Low supply current 
(VREF::; 2.5V) 
5mA max 


• 20-pin DIP or PCC 
• Operating 
temperature 
range of O°C to +70°C, 


-40°C to +85°C, and -55°C to +125°C 


Vzs 
Vcc 
ACNO 


VRHourB 
r 
r 
r 


VREFIN 


8-8ITO/A 


Ml2341 
Ml2351 
20-Pin 
DIP 


Ml2341 
Ml2351 
20-Pin pee 


VRfflN 
VREFOUT 
Vcc 
VREFOUT 


Vcc 


Your I VREflN I GAIN 
1 
GAIN 
1 


Vour 
Your 
GAIN 
0 
3 
2 
1 
20 
Vzs 
GAIN 
0 


Vzs 
Cs 
AGNO 
Cs 


ACNO 
WR 


OGNO 
WR 


OGNO 
XfER 
080 
1.\ 
XfER 


080 
087 


081 
14 
087 


081 
086 
9 
10 
11 
12 
13 


082 
085 
082 
I 
I 
086 
084 


083 
084 
083 
085 


TOP VIEW 
TOP VIEW 
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PIN DESCRIPTION 


PIN II 
NAME 
FUNCTION 
PIN II 
NAME 
FUNCTION 


VREFIN 
Voltage reference 
input. VREFIN is 
10 
DB3 
Data input - 
Bit 3. 


referenced 
to AGND. 
11 
DB4 
Data input - 
Bit 4. 


2 
Vcc 
Positive supply. 
12 
DB5 
Data input - 
Bit 5. 
3 
VOUT 
Voltage output 
of the D/A 
13 
DB6 
Data input 
- 
Bit 6. 
converter. 
VOUT is referenced 
to 


14 
DB7 
Data input - 
Bit 7 (M5B). 
Vzs· 


4 
Vzs 
Zero Scale Voltage. VOUT is 
15 
XFER 
Transfer enable input. 
In the 


referenced 
to Vzs. VZS is normally 
double 
buffered 
mode of 


tied to AGND in the unipolar 
operation, 
the data in the input 


mode or to mid-supply 
in the 
latch is transferred 
to the D/A 


bipolar 
mode. When the device is 
converter 
at the high level of XFER. 


operated 
from 
a single power 
16 
WR 
Write enable input. 
While 
CS is 
supply, Vzs has a maximum 
low, data inputs are latched 
into 
current 
requirement 
of -300j./A in 
th~ut 
latch on the rising edge 


the bipolar 
mode. 
of WR. 


5 
AGND 
Analog ground. 
17 
CS 
Chip select input. Active low input 


6 
DGND 
Digital ground. 
This is the ground 
which 
enables latchin&J!:! the data 


reference 
level for all digital 
on the rising edge of WR. • 


inputs. The range is AGND < (Vcc 
18 
GAIN 0 
Digital gain setting input 
O. 


- 4.5V). DGND 
is normally 
tied to 
19 
GAIN 1 
Digital gain setting input 
1. 
system ground. 


7 
DBO 
Data input - 
Bit 0 (LSB). 
20 
VREFOUT 
Voltage reference 
output. 


VREFOUT is referenced 
to AGND. 
8 
DB1 
Data input - 
Bit 1. 
VREFOUT is set to 2.5V and 5.0V in 


9 
DB2 
Data input - 
Bit 2. 
a low-voltage 
and high-voltage 


operation, 
respectively 
for the 


ML2351; 2.25V and 4.5V for the 
ML2341. 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage Vcc with Respectto AGND 
14.2V 


DGND 
. 
_...... 
. 
-O.3Vto Vcc + O.3V 


Vzs<VREF 
IN 
-Q.3Vto Vcc + O.3V 
Logic Inputs 
-Q.3Vto Vcc + O.3V 
Input Current per Pin (Note 2) 
_.. . . .. 
±2SmA 


Storage Temperature 
-65°C to +150°C 


PackageDissipation at TA = 25°C (Board Mount) .. 
875mW 
Lead Temperature (Soldering 10 sec.) 
Dual-In-Line Package(Plastic) 
Dual-In-Line Package(Ceramic) .. 
Molded Chip Carrier Package 
Vapor Phase(60 sec.) . 
Infrared (15 sec.) 


260°C 
300°C 


215°C 
220°C 


OPERATING 
CONDITIONS 
(Note 1) 


Supply Voltage, Vcc .............•...•.... 
4.5Voc to 13.2Voc 


Temperature Range(Note 3) .....•........ 
TMIN 
:S TA :S TMAX 


ML2341BM), ML2341CM) 
ML2351BM), ML2351CM) 
-55°C to +125°C 


ML2341BI), ML2341.CI) 
ML2351BI), ML2351CJJ 
-4Q°C to +85°C 


ML2341BCQ, ML2341CCQ 
ML2351!3CQ,ML2351CCQ 
ML2341BCP,ML2341CCP 
ML2351BCP,ML2351CCP 
O°Cto +70°C 
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ELECTRICAL 
CHARACTERISTICS 


Unless 
otherwise 
specified, 
TA = TMIN to 
TMAJ(, Vcc 
- AGND 
= 5V ± 
10% 
and 
12V 
± 
10% 
(Note 
9), 


VREF IN for 
ML2341 
= 2.25V 
and 
4.50Y, 
for 
ML2351 
VREF IN = 2.50V 
and 
5.00Y, 
VOUT 
load 
is RL = 1K and 
CL = 100pF, 
VREF load 
is RL = 1K and 
CL = 100pF 
and 
input 
control 
signals 
with 
tR = tF :::; 20ns. 


Converter 
Resolution 
5 
8 
8 
Bits 


Integral 
Linearity 
Error 
5 
GAIN = 2, 1, Y" or '4 


Ml2341 BXX, Ml2351 BXX 
±'4 
±'4 
lSB 
Ml2341CXX, 
Ml2351CXX 
±Y2 
±Y2 
LSB 


Differential 
linearity 
Error 
5 
GAIN = 2, 1, 'h, or '/.I 
Ml2341 BXX, Ml2351 
BXX 
±'/.I 
±'/.I 
LSB 


Ml2341CXX, 
Ml2351CXX 
±'h 
±'h 
LSB 


Mode 
Select 
5 
Vzs with 
respect 
to AGND 


Unipolar 
Output 
0 
1.0 
0 
1.0 
V 


Bipolar 
Output 
1.50 
Vcc-2.25 
1.50 
Vcc-2.25 
V 


Offset 
Error 
5 
Figure 
1 


Unipolar 
Mode 
GAIN = '4, 'h, 1 
±10 
±12 
mV 


GAIN 
= 2 
±20 
±24 
mV 


Bipolar 
Mode 
5 
Figure 
1 
GAIN 
= '4, Y:z,1, 2 
±10 
plus 
±10 
plus 
mV 
±2Y, 
lSB 
±2Y, 
lSB 


Gain 
Error 
5 
Figure 
1 


Unipolar 
Mode 
GAIN = '4, 'h, 1, 2 
±.5 
±2 
±.5 
±2.5 
%FS 


Bipolar 
Mode 
GAIN = '4, 'h, 1, 2 
±.5 
±2 
±.5 
±2.5 
%FS 


VREF OUT Voltage 
5 
Ml2341 BXX/5 
Vcc = 5.0V 
TA = 25°C 
2.23 
2.25 
2.27 
2.23 
2.25 
2.27 
V 


TM1Nto TMA)( 
2.22 
2.28 
2.18 
2.32 
V 


Ml2341CXX/5 
Vcc = 5.0V 
TA = 25°C 
2.22 
2.25 
2.29 
2.22 
2.25 
2.28 
V 


TM1Nto TMA)( 
2.20 
2.30 
2.18 
2.32 
V 


Ml2351 BXXl5 
5 
Vcc = 5.0V 
TA = 25°C 
2.48 
2.50 
2.52 
2.48 
2.50 
2.52 
V 


TM1N to TMA)( 
2.47 
2.53 
2.43 
2.57 
V 


Ml2351CXX/5 
Vcc = 5.0V 
TA = 25°C 
2.45 
2.50 
2.55 
2.46 
2.50 
2.55 
V 


TM1N to TMA)( 
2.44 
2.58 
2.42 
2.59 
V 


Ml2341 BXX/12 
5 
Vcc = 12.0V 
TA = 25°C 
4.48 
4.50 
4.52 
4.48 
4.50 
4.52 
V 


TM1Nto TMA)( 
4.46 
4.54 
4.43 
4.57 
V 


Ml2341CXXl12 
Vcc = 12.0V 
TA = 25°C 
4.45 
4.50 
4.55 
4.45 
4.50 
4.55 
V 


TM1Nto TMA)( 
4.40 
4.60 
4.35 
4.65 
V 


Ml2351 BXX/12 
5 
Vcc = 12.0V 
TA = 25°C 
4.98 
5.00 
5.02 
4.98 
5.00 
5.02 
V 


TM1Nto TMA)( 
4.96 
5.04 
4.90 
5.10 
V 


Ml2351CXX/12 
Vcc = 12.0V 
TA = 25°C 
4.95 
5.00 
5.05 
4.95 
5.00 
5.05 
V 


TM1Nto TMA)( 
4.90 
5.10 
4.85 
5.15 
V 


Temperature 
Coefficient 


VREF OUT 
50 
50 
ppmJOC 


VREF Output 
Current 
5 
0.75 
5 
0.75 
5 
mA 


VREF OUT Power 
Supply 
5 
100mVp_p, 
1kHz 
-40 
-f,0 
-40 
-f,0 
dB 


Rejection 
Ratio 
5inewave 
on Vcc 
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ELEORICAL 
CHARAOERISTICS 
(Continued) 


Unless 
otherwise 
specified, 
TA = TMIN 
to TMAJ(, Vcc 
- AGND 
= 5V ± 10% and 
12V ± 10% (Note 
9), 
VREF IN for 
ML2341 
= 2.25V 
and 
4.50V; 
for 
ML2351 
VREF IN = 2.50V 
and 
5.00\1, VOUT 
load 
is RL = 1K and 
CL = 100pF, 
VREF load 
is RL = 1K and 
CL = 100pF 
and 
input 
control 
signals 
with 
tR = tF ::; 20ns. 


PARAMETER 


V REF IN and Vzs 


VREF IN Input 
Range 
5 
Vcc ~ 8.75V 
AGND+2 
Vcc-1.75 
AGND+2 
Vce-1.75 
V 


Vee 2:: 8.75V 
AGND+2 
AGND+7 
AGND+2 
AGND+7 
V 


VREF IN DC Input 
5 
10 
10 
MO 


Resistance 


Vzs Voltage 
Range 
5,8 
Vec ~ 
7.0V 
AGND 
Vcc- 
AGND 
Vec- 
V 


2.25 
2.25 


5,8 
Vee 2:: 8.0V 
AGND 
Vee-3.O 
AGND 
Vcc-3.O 
V 


VOUT Output 
Swing 


Unipolar 
Mode 
5,8 
RL = lOOK 
AGND+ 
Vee-·05 
AGND+ 
Vce-·05 
V 
0.01 
0.01 


RL = lK 
AGND+ 
Vee-l.0 
AGND+ 
Vec-l.0 
V 


1.0 
1.0 


Bipolar 
Mode 
5 
RL = lOOK 
AGND+ 
Vec-O.l 
AGND+ 
Vcc-O.l 
V 
0.1 
0.1 


RL = lK 
AGND+ 
Vec-l.0 
AGND+ 
Vee-l.0 
V 
1.0 
1.0 


VOUT Output 
Current 
5 
AGND+1V<VOUT<Vcc-1V 
-10 
+10 
-10 
+10 
mA 


Power Supply 
100mVp_p, 1kHz 
-60 
-60 
dB 
Rejection 
Ratio 
sinewave 
on Vee 
• 


V1N10)Logical "0" 
5 
0.8 
0.8 
V 
Input 
Voltage 


V1N(1)Logical "1" 
5 
2.0 
2.0 
V 
Input 
Voltage 


IINIO)logical 
"0" 
5 
VIN = DGND 
-1 
-1 
flA 
Input 
Current 


IIN(1)logical 
"1" 
5 
VIN = Vcc 
1 
1 
flA 
Input 
Current 


Supply 
Current, 


Bipolar 
Mode 


ICG Vcc 
Current 
5 
Vee = 5V ± 10% 
5.3 
5.3 
mA 
IAGND, 
Analog 
Ground 
Current 
-5.0 
-5.0 
mA 
Ivzs, Vzs Current 
-90 
-300 
-90 
-300 
flA 


leG Vee Current 
5 
Vee = 12V ± 10% 
9.3 
9.3 
mA 
IAGNQ, 
Analog 
Ground 
Current 
-9.0 
-9.0 
mA 
Ivzs, Vzs Current 
-90 
-300 
-90 
-300 
flA 
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Supply 
Current, 


Unipolar 
Mode 
ICG Vcc 
Current 
5 
Vcc 
= 5V ± 10% 
6.0 
6.0 
mA 
IAGN[), 
Analog 
Ground 
Current 
-4.3 
-4.3 
mA 
Ivzs- Vzs Current 
-1.7 
-1.7 
mA 


ICG Vcc 
Current 
5 
Vcc 
= 12V ± 10% 
11.0 
11.0 
mA 
IAGN[), 
Analog 
Ground 
Current 
-7.3 
-7.3 
mA 
Ivzs- Vzs Current 
-3.7 
-3.7 
mA 


Settling 
Time 
5 
Figure 2, 


tS1 
Output 
Step of AGND 
+ 1V 
1.2 
2.5 
1.2 
3.0 
IJS 


to Vcc 
- 1\1, Rl = 1K 


tS2 
Output 
Step of 
2.5 
5 
2.5 
6 
IJS 


AGND 
+ 100mV to 
Vcc-100m\l, 
Rl ~ 100K 


tS3 
Output 
Step of ±1 LSB 
1 
1 
IJS 


tS4-Gain Change 
Change 
of Any Gain Setting 
1.1 
2.5 
1.1 
3 
IJS 


twlV WR Pulse Width 
5 
Figure 
3 
40 
40 
ns 


tXFEIVXFER Pulse Width 
S 
Figure 3 
60 
60 
ns 


txw, WRI 
to XFERI 
6 
Figure 3 
30 
30 
ns 


tDSS- DBO-DB7 
5 
Figure 3 
40 
45 
ns 
Setup Time 


tDBH, DBO-DB7 
5 
Figure 
3 
0 
0 
ns 
Hold 
Time 


tcss- CS Setup Time 
5 
Figure 3 
50 
50 
ns 


tCSH, CS Hold 
Time 
5 
Figure 3 
0 
0 
ns 


tRESET,Power-On 
6 
16 
16 
IJS 
Reset Time 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified 
are 
measured 
with 
respect 
to analog 
ground. 
When the voltage at any pin exceeds the power supply rails (V'N < AGND or V'N > Vcc) the absolute value of current at that pin 
should be limited to 25mA or less. 


-55°C 
to +125°C 
operating 
temperature 
range 
devices 
are 
100% tested 
at temperature 
extremes 
with 
worst-case 
test conditions. 
-4ij°C 
to +85°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% testing, sampling, or by 
correlation 
with 
worst-case 
test conditions. 


Typicals 
are 
parametric 
norm 
at 25°C. 


Parameter guaranteed and 100% production 
tested. 


Parameter 
guaranteed. 
Parameters 
not 100% tested 
are 
not 
in outgoing 
quality 
level 
calculation. 


Supply current and analog ground current are specified with the digital inputs stable and no load on Your. 
In unipolar 
operation with Vzs and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND 
should be avoided. 
ML2341XXX/5 and ML2351XXX/S are tested for 5V operation only and ML2341XXXl12 and ML2351XXXl12 are tested for 12V operation. 


Note 4: 
Note S: 
Note 6: 
Note 7: 
Note 8: 
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i 


ANALOG 
OUTPUT 


Ml2341, 
Ml2351 


r 
ANALOG 
OUTPUT 


IDEAL WITH 


OFFSET'),/ 


/ 


/ 
/. 


6 


• 
~"'.~" 
-E~- 
n 
n 
u 
n_ 


cs 
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ML2341, ML2351 


Cs--~\ 
I 


WR __ 
""=ftT~tCS_H _ 


~ 
~R~ 


DOO-DB7----------{ 
VALID~ 
}---------- 
I.-tOBS~ 
LtOBH 


XFERTIED TO lOGIC 
"I" 


Cs~ 
__ 
/ 


WR-'Lff---~;=={ 


DOO_X~:: 
-------<-_~-V._A~l-I_D~DA~-r,_A-_~-/---~IxFER t= 


The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 


The input voltage reference of the D/A converter is the 
difference between VREF IN and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 


in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 


The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 


VREF IN range. 


OACOUT 


DACOUT 
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102 
SINGLE-SUPPLY VSO DUAL-SUPPLY OPERATION 


ML2341 and ML2351 can be powered 
from a single 


supply 
ranging from 4.5V to 13.2V or dual supplies 


ranging from 
±2.25V to ±6.6V. 


The internal 
digital and analog circuitry 
is powered 


between 
Vee and AGND. The range of DGND is 


AGND :::; DGND :::; Vee - 4.5V with the logic thresholds 
set between 
.8V and 2.0V above DGND (standard TIL 


logic level). The range of Vzs is AGND :::; Vzs :::; 
(Vee - 2.25V). 


1.3 
UNIPOLAR AND BIPOLAR OUTPUT VOLTAGE 
SWING 


The ML2341 and ML2351 can operate 
in either 
unipolar 


and bipolar 
output 
voltage mode. Unipolar/bipolar 


mode selection 
is determined 
by comparing 
the zero 


scale voltage (Vzs) of these devices to a precise internal 
reference 
that is referred 
to AGND. Vzs is ideally the 


voltage that will 
be produced 
at the DAC voltage 


output 
when the digital 
input 
data is set to all "O's". 
Unipolar 
mode is selected when Vzs is lower than 1.00 


volt, and bipolar 
mode is selected when Vzs is greater 


than 1.50 volts. 


103.1 Unipolar Output 
Mode 


In the unipolar 
mode, VOUT swings above Vzs. Ideally 


the 00000000 code results in an output 
voltage of Vzs, 
and the 11111111 code results in an output 
voltage of 


VFSx 255/256, where VFSis the full-scale voltage 
determined 
by VREFIN and the gain setting. 


103.2 
Bipolar Output Mode 


In the bipolar 
mode, VOUT swings around 
Vzs. The 
input data is in 2's complement 
binary format. 
Ideally, 


the 00000000 code results in an output 
voltage of VzS; 


the 10000000 code results in an output 
voltage of (Vzs 
- VFS);and the 01111111 results in an output 
voltage of 


(Vzs + VFS127/128), where 
VFs is the full scale output 


voltage determined 
by VREFIN and the gain setting. 


The output 
buffer converts the D/A output 
current 
to a 


voltage output 
using a resistive network 
with proper 


gain setting determined 
by the GAIN 0 and GAIN 1 


inputs. There are four possible gain settings for unipolar 
output 
voltage 
mode and bipolar 
output 
voltage mode 


as listed below: 


Voltage Output Swing 


GAIN 1 
GAIN 0 
GAIN 
Relative to Vzs 


0 
0 
'I. 
VREFIN x 1f.I 


0 
1 
'12 
VREFIN x '12 


1 
0 
1 
VREFIN x 1 


1 
1 
2 
VREFIN x 2 


GAIN 1 
GAIN 0 
GAIN 
Voltage Outputp_p 


0 
0 
'I. 
±V REFIN x 'Is 


0 
1 
'12 
±VREFIN x ',4 


1 
0 
1 
±VREFIN x '12 


1 
1 
2 
±VREFIN x 1 


The output 
buffer can source or sink as much as 10mA 


of current 
with an output 
voltage of at least 1V from 
either Vee or AGND. As the output 
voltage approaches 


Vee or AGND the current 
sourcing/sinking 
capability 
of 


the output 
buffer 
is reduced. 
The output 
buffer 
can still 
swing down 
to within 
10mV of AGND and up to within 


40mV of Vee with a 100K load at VOUT to AGND in the 
unipolar 
operation. 
In the bipolar 
operation, 
the output 


buffer swing is limited 
to about 100mV from 
either 
rails. 


A bandgap voltage reference 
is incorporated 
on the 


ML2341 and ML2351. Two reference 
voltages can be 


produced 
by each device. An internal 
comparator 


monitors 
the power supply voltage to determine 
the 


selection 
of the reference 
voltage. A reference 
voltage 


of 2.25 volts on the ML2341 and 2.50 volts on the 
ML2351 is selected when the supply voltage is less than 
approximately 
Z50 volts. Otherwise, 
a reference 
voltage 


of 4.50 volts and 5.00 volts is selected. To prevent 
the 


comparator 
from 
oscillating 
between 
the two selections, 


avoid operation 
with a power 
supply between 
ZO and 
8.0 volts. 


The bandgap 
reference 
is trimmed 
for zero 


Temperature 
Coefficient 
(TC) at 35°C to minimize 


output 
voltage drift over the specified 
operating 


temperature 
range. 


The internal 
reference 
is buffered 
for use by the DAC 


and external circuits. The reference 
buffer will source 


more than 5mA of current 
and sink more than 1mA of 


current. 
With 
VREFIN connected 
to VREFOUT, the 


following 
output 
voltage ranges of the DAC are 
obtained: 


• 


VREF = 2.2SVwith 
VREF = 4.5V with 


Gain 
Vcc S 7.0V 
Vcc 2: 800V 


Setting 
Unipolar 
Bipolar 
Unipolar 
Bipolar 


V- 
o to O.562V -Q.281Vto 
o to 1.125V 
-Q.562Vto 


+O.281V 
+O.562V 


'h 
o to 1.125V -Q.562Vto 
o to 2.250V 
-1.125Vto 


+O.562V 
+1.12SV 


1 
o to 2.250V 
-1.12SVto 
o to 4.500V 
-2.250V to 


+1.125V 
+2.250V 


2 
o to 4.500V 
-2.250V to 
o to 9.000V 
-4.500V to 


+2.250V 
+4.500V 
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VREF 
~ 2.50V with 
V REF = 5.00V with 


Gain 


Vcc:::; 7.0V 
Vcc 2: B.OV 


Setting 
Unipolar 
Bipolar 
Unipolar 
Bipolar 


'I, 
o to O.625V 
-0.3125V to 
o to 1.25V 
-O.625V to 


+O.3125V 
+O.625V 


Y2 
o to 1.250V 
--D.6250V to 
o to 2.50V 
-1.250V to 
+O.6250V 
+1.250V 


1 
o to 2.500V 
-1.2500V to 
o to 5.00V 
-2.500V to 


+1.2500V 
+2.500V 


2 
o to 5.000V 
-2.5000V to 
o to 10.00V 
-5.000V to 
+2.5000V 
+5.0OQV 


An external reference can alternatively be used on 
VREF 
IN to set the desired full scale voltage. The linearity 


of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 


1.6 
DIGITAL INTERFACE 


The digital interface of the dev~consists 
of a chip 


select input, CS, a write input, WR, a transfer input, 
XFERand eight data inputs, DBD through DB7.The 
digital interface operates in one of the two modes: 


To use the ML2341 and ML2351 in the single-buffered 
mode, tie XFERto logic "1". This will put the D/~tch 
in the transflarent mode and the rising edge of WR at 
low level of CS will latch the data on DBD-DB7 into the 
input latch as well as update the D/A output voltage. 


1.6.2 
Double-Buffered Mode 


To use the devices in the double-buffered 
mode, timing 


information 
is applied to WR as well a~FER 
inputs. 


The rising edge of WR at low level of CS will latch the 
data on DBD-DB7 into the input latch. The D/A output 
voltage will not be updated, however, until XFERis 
brought to a high level, which transfers the data from 
input latch to D/A latch. Note that the D/A latch is a 
transparent latch controlled 
by the level, not edge, of 
the XFERinput, any write operation to the input latch 
while XFERis still at a high level results in the 
immediate update of the D/A output voltage. 


1.7 
POWER-aN-RESET 


The ML2341 and ML2351 have an internal power-on- 
reset circuit to initialize the device when power is first 
applied to the device. The power-on-reset 
interval of 


typically 8ps begins when the supply voltage, Vcc 
reaches approximately 2.DV.During the power-on-reset 
interval, both the input and data latch are reset to all 
"D's". 
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2.0 
TYPICAL APPLICATIONS (Continued) 
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AROUND 
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4.5V 
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VOUT, GAIN 
:0 1 
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~ 


25& 
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25& CODES 


4.5V 
4.5V 
3.93BV 
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= If. 


+12V 
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+12V 


17 
CS 
19 
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10 
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13 
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XFER 
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H1 
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20 
RSENSE 


MICRO- 
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Ml440& 
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CONTROLLER 
Vzs 
14 
CONTROl+ 
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12 


15 
OUTPUT- 
DB7 
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PWR GND 
B 
GAIN 0 
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19 


GAIN 1 
AGND 
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FROM 
20 
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VIRET) 
MOTOR 
POWERFAll 
WINDINGS 


RETRACT 
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4 
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IIRET) SET 


'Micro 
Linear 


Ml2341, Ml2351 


INTEGRAL & DIFFERENTIAL 
NON-LINEARITY 
TEMPERATURE 
RANGE 


Ml2341BMj/S 
±v. 
LSB 
-SsoC to +12SoC 
HERMETIC DIP (j20) 
ML2341Blj/S 
-40°C 
to +8SoC 
HERMETIC DIP (j20) 
ML2341 BCP/S 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML2341 BCQ/S 
O°C to +70°C 
MOLDED 
PCC (Q20) 
ML2341CMj/S 
±Y2 LSB 
-SsoC to +12SoC 
HERMETIC DIP (j20) 
ML2341Clj/S 
-40°C 
to +8SoC 
HERMETIC DIP (j20) 
ML2341CCP/S 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML2341CCQ/S 
O°C to +70°C 
MOLDED 
PCC (Q20) 


ML23S1BMj/S 
±V. LSB 
-SsoC 
to +12SoC 
HERMETIC DIP (j20) 
ML23S1 Blj/S 
-40°C 
to +8SoC 
HERMETIC DIP (j20) 
ML23S1 BCP/S 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML23S1BCQ/S 
O°C to +70°C 
MOLDED 
PCC (Q20) 
ML23S1CMj/S 
±Y2 LSB 
-SsoC 
to +12SoC 
HERMETIC DIP (j20) 
ML23S1C1j/S 
-40°C 
to +8SoC 
HERMETIC DIP (j20) 
ML23S1CCP/S 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML23S1CCQ/S 
O°C to +70°C 
MOLDED 
PCC (Q20) • 
ML2341 BMj/12 
±v. 
LSB 
-SsoC 
to +12SoC 
HERMETIC DIP (j20) 
ML2341 Blj/12 
-40°C 
to +8SoC 
HERMETIC DIP (j20) 
ML2341 BCPI12 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML2341 BCQI12 
O°C to +70°C 
MOLDED 
PCC (Q20) 
ML2341CMj/12 
±Y2 LSB 
-SsoC 
to +12SoC 
HERMETIC DIP (j20) 
ML2341Clj112 
-40°C 
to +8SoC 
HERMETIC DIP (j20) 
ML2341CCP/12 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML2341 CCQ/12 
O°C to +70°C 
MOLDED 
PCC (Q20) 


ML23S1 BMjl12 
±v. 
LSB 
-SsoC to +12SoC 
HERMETIC DIP (j20) 
ML23S1 Blj/12 
-40°C 
to +8SoC 
HERMETIC DIP (j20) 
ML23S1BCP/12 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML23S1 BCQ/12 
O°C to +70°C 
MOLDED 
PCC (Q20) 
ML23S1CMj/12 
±Y2 LSB 
-SsoC 
to +12SoC 
HERMETIC DIP (j20) 
ML23S1Clj112 
-40°C 
to +8SoC 
HERMETIC DIP (j20) 
ML23S1CCP/12 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML23S1CCQ/12 
O°C to +70°C 
MOLDED 
PCC (Q20) 
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DSP Analog I/O Peripheral 


The ML2377 
is a complete 
analog I/O peripheral 
front- 


end for OSP based control system. It contains a high- 
speed 1O-bit NO converter, a two channel simultaneous 
sample/hold 
circuit, 
a 6 channel input multiplexer, 
a 10- 


bit O/A converter and a 8-bit O/A converter. 


The two channel simultaneous 
sample/hold 
in 


conjunction 
with the multiple 
channel multiplexer 
provided on-chip 
is especially well suited for disk drive 


applications, 
where minimum 
skew positional 
channel 


conversion 
and flexible calibration 
sensing functions are 
desirable. 


Both input and output channel voltages are referenced to 
floating common 
points provided by the device. An 


additional 
common 
point is also available 
in the NO 


input for flexibility. 
Bipolar conversion 
of ±2 volts around 


the floating point is provided 
by the chip. 


Channel multiplexing 
and common 
referencing control 


are provide on-chip 
via its easy to use microprocessing 


port. In addition, 
external control of the conversion 
start 


and MUX addressing is also available for the ML2377. 


The ML2375 
is a 4 channel version of the ML2377. 


• 
1O-bit bipolar NO 
resolution 


• 
1O-bit bipolar and 8-bit bipolar 
O/A resolution 


• 
2fls NO conversion 
time 


• 
2fls O/A settling time (ILSB, 4fls full scale) 


• 
2 channel simultaneous 
S/H 


• 
6 bipolar 
input channels 


• 
NO and O/A converters have no missing codes 


• 
Inputs and outputs have floating commons 


• 
±2 volt input/output 
range with 2.5V reference 


• 
Extra floating common 
input for NO 


• 
Programmable 
input MUX and common 


• 
TMS320C14 
compatible 
microprocessor 
interface 


• 
Single 5 volt power supply 


• 
External conversion 
start and MUX control 
(ML2377) 


• 
Additional 
package and bond-out options available 
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'I 
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lO-BIT 
DATA 
BUS 


BUFFERS 


pP 


CONTROL 
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PIN DESCRIPTION 


NAME 


VZAD2 


VZADl 


VZDA10 


VZDAS 


START 


RESET 


MUXO 


MUXl 


MUX2 


VINS-O 


AGND 


VRAD 


Programmable 
input common 


Default ND 
input common. 


1O-bit D/A common. 


8-bit D/A common. 


Active low input starts ND 
converter. 


Active low resets the IC 


Multiplexer 
address bit O. 


Multiplexer 
address bit 1. 


Multiplexer 
address bit 2. 


Analog input channels S through O. 


Analog ground. 


Voltage reference input for establishing 
± full scale for the ND 
converter. 


± full scale value is 0.8 of the voltage 
on VRAD, referenced to AGND. 


± full scale value for the 8-bit D/A 
converter 
is 0.8 of the voltage reference 
input on VRs, referenced to AGND. 


± full scale value for the 1O-bit D/A 
converter 
is 0.8 of the voltage reference 
input on VRlO, referenced to AGND. 


VOUT8 


VOUT10 


D9-DO 


DVCC 


AVCC 


DGND 


Al 


AO 


BUSY 


CS 


WR 


RD 


ClK 


Voltage output of the 8-bit D/A converter. 


Voltage output of the 1O-bit D/A 
converter. 


Data I/O bit 9 through O. 


Digital power supply. +S volts ±S%. 


Analog power supply. 
+S volts ±S%. 


Digital ground. 


Register address 1. 


Register address O. 


Active high output indicates that an ND 
conversion 
is in progress. 


Aciive high output indicating 
ND 
conversion 
complete. 


Active low chip select input. 


Write input, active low. 


Read input, active low 


Clock input. 
Clock can be generated by 
tying a crystal from this pin to DGND 
or 
applying 
a clock directly 
to pin. 


Note: 
ALE(Address latch 
Enable) 
for demuhiplexing 
address and data 


information 
can 
be made 
available 
on request. 
Consult 
Micro 
linear 
{or 


more 
information. 


Other 
pin-out 
options 
of the Ml2377 
are available 
on request. 
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Supply 
Voltages 
(AVec 
and 
DVed 
6.0V 


Maximum 
Voltage 
Between 
AGND 
and 
DGND 
1V 


Maximum 
Voltage 
Between 
AVec 
and 
DVee-· 
O.3V 
Input 
Current 
per Pin 
±2SmA 
Package 
Dissipation 
@ 25°C 
1W 


Lead Temperature 
(Soldering, 
10 see) 
300°C 


Temperature 
Range 
O°C to +70°C 


Supply 
Voltage 
(AVec 
and 
DVed 
.4.SVoe 
to 6.0Voc 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 


the device 
could 
be permanently 
damaged. 
Absolute 


maximum 
ratings 
are stress ratings 
only 
and 
functional 
device 
operation 
in not 
implied. 


The following 
specifications 
apply 
for AVec 
= DVee 
= +SV 
±S%, 
AGND 
= DGND 
= OV, TA = Operating 
Temperature 


Range 
VZA01 
= VZA02 
= VZOA10 = VZOA8 = VRAO = VR8 = VRlO = 2.SV, TA = TMIN to TMAX unless 
otherwise 
specified, 


CL= SOpF for all digital 
outputs, 
Vour8 
and 
Vour1 
0 load 
is RL = 1K and 
CL = 1OOpF, and 
input 
control 
signals 
with 


tR = tF 20ns, 
fnK = 11 MHz. 


SYMBOL 
PARAMETER 
CONDITIONS 
UNITS 


Integral 
Linearity 
Error 
±3 
LSB 


Differential 
Linearity 
Error 
±1 
LSB 


Converter 
Resolution 
VREF= 2.5V 
10 
Bits 


Zero Error 
VZ = 2.5V 
±3 
LSB 


Positive and 
Negative 
Full Scale Error 
VREF= 2.5V 
±3 
LSB 


Input Voltage 
Range 
0 
Vcc 
V 


DC Common 
Mode 
Error 
VZ = 2V, Vcc - 2V 
±1/4 
LSB 


AC Common 
Mode 
Error 
o to 250kHz 
TBD 
LSB 


AC Power Supply Sensitivity 
1OOmVp_p 100kHz 
Sinewave 
on Vcc 
TBD 
LSB 


VREFInput Resistance 
2 
4 
kQ 


Maximum 
VREFInput Voltage 
Referred to AGND 
2.6 
V 


ION 
On Channel 
Leakage Current 
OV < V1N< Vcc 
-1 
1 
!-LA 


JOFF 
Off Channel 
Leakage Current 
OV < V1N < VCC 
-1 
1 
IlA 


CON 
On Channel 
Input Capacitance 
OV < V1N< VCC 
20 
pF 


COFF 
Off Channel 
Input Capacitance 
OV < VIN < Vcc 
10 
pF 


CJock Duty Cycle 
30 
70 
% 


fCLK 
Input Clock 
Frequency 
1 
11 
MHz 


tc 
Conversion 
Time 
Including 
S/H Acquisition 
Time 
22 
l/fcLK 


tACQ 
Acquisition 
Time 
Included 
in Conversion 
Time 
2 
l/fCLK 


SNR 
Signal to Noise Ratio 
TBD 
dB 


THD 
Total Harmonic 
Distortion 
TBD 
dB 


IMD 
Intermodulation 
Distortion 
TBD 
dB 
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Integral 
Linearity 
Error 
VREF= 2.5V 
±3 
L5B 


Differential 
Linearity 
Error 
VREF= 2.5V 
±1 
LSB 


Settling Time 
VREF= 2V, Settling 
(0 


±1/2LSB, 
±1 LSB Step 
2 
~s 


4V Step 
4 
~s 


Resolution 
VREF= 2.5V 
10 
Bits 


Zero Error 
±5 
LSB 


+ and - Full Scale Error 
±1% 
FS 


Output 
Voltage 
Swing 
VREF= 2.SV 
0.25 
Vee-0.25 
V 


Power Supply Sensitivity 
100mVp.p, 
1kHz Sinewave 
on Vee 
TBD 
dB 


VREFInput Resistance 
1 
MQ 


Integral 
Linearity 
Error 
VREF= 2.5V 
±1 
LSB 


Differential 
Linearity 
Error 
VREF= 2.5V 
±1 
LSB 


Settling Time 
VREF= 2V, Settling to 
± 1/2LSB, ±1 LSB Step 
2 
~s 


4V Step 
4 
~s 


Resolution 
VREF= 2.5V 
8 
Bits 


Zero Error 
±3 
LSB 


+ and - Full Scale Error 
±3 
LSB 


Output 
Voltage 
Range 
VREF= 2.5V 
0.25 
Vee- 
0.25 
V 


Power Supply Sensitivity 
100mVp.p, 
1kHz Sinewave 
on Vee 
TBD 
dB 


VREFInput Resistance 
1 
MQ 


IlL 
Logic Input Current 
0< 
VIN < Vee, MUXO-2, 
START, 
±100 
~ 


RESET,ALE 


IIN 
Logic Input Current 
0< 
V1N < Vee 
±1 
~A 


liNe 
Clock 
Input Current 
0< 
V1N < Vee 
±200 
~ 


VIH 
Logic High 
2 
V 


V1L 
Logic Low 
0.8 
V 


VtCLK)H 
Clock 
High 
(CLK Pin) 
3.7 
V 


VtCLK)L 
Clock 
LOW 
(CLK Pin) 
1.8 
V 


IOFF 
Output 
Leakage Current 
CS = V1H, 0 < VOUT < Vee 
±1 
~ 


VOL 
Output 
Low 
IOL = 2mA 
0.4 
V 


VOH 
Output 
High 
IOH = -lmA 
2.4 
V 
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Supply Current (VREF = 2.5V, 
No Output 
Load) 


No Input Switching 


tST 
START Pulse Width 
100 
ns 


tAD 
Address Stable to Data Valid 
55 
ns 


tAR 
Address Stable Before Read 
5 
ns 


tRA 
Address Hold After Read 
5 
ns 


tRR 
Read Pulse Width 
50 
ns 


tRD 
Data Valid 
from Read 
50 
ns 


tDF 
Read to Data Float 
20 
ns 


tRV 
Recovery 
Time 


Between 
Reads 
25 
ns • 


tAW 
Address Stable Before Write 
5 
ns 


tWA 
Address Hold After Write 
5 
ns 


tww 
Write 
Pulse Width 
50 
ns 


tDS 
Data Valid 
Before Write 
30 
ns 


tDH 
Data Hold 
After Write 
15 
ns 


tRv 
Recovery Time 
Between Writes 
'I 
25 
ns 


to 
Clock to Interrupt 
Active 
50 
ns 


tRI 
Read to Interrupt 
Inactive 
100 
ns 


tcB 
Clock 
to Busy Active 
(ML2377 
Only) 
50 
ns 


tcB 
Clock 
to Busy Inactive 
(ML2377 
Only) 
50 
ns 
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OUTPUT 


CODE 


(511) 0111111111 
(510) 0111111110 


POSITIVE FULL·SCALE 


TRANSITION/ 
,,,,,,,,,, 


(2) 00 0000 0010 
r 


(1) 00 0000 0001 
r' 
Vz + V'S 


t----------V'C 
(0) 00 0000 OOOO-----t 


VZ-V'S 
.r' 
(-1) 1111111111 
(-2) 1111111110 


/ 
,,- 


,,- 


,,- 


...;;{ 
:/F IDEAL WITH 
~/.•+ 
OFFSET 


,(t"' 
OFFSET 
,~ ••, 
ERROR 


/:.~/"'" 


)f' .•••• 


,.-: •••.•\ 
DIGITAL- 


(-511) 1000000001 
(-512) 1000000000 


VFS = 0.8 
x VREf 


A,CS 2f - 
WR 


.-tRV--- 


DATA 
INVALID 
DATA 


--~ 
tww 
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The family consists of two different devices: 


1) The ML2375 
It is a 28 pin device that contains the basic 1O-bit ND 
converter, 1O-bit D/A converter, 8-bit D/A converter 
and a 4 channel multiplexer. 


2) The ML2377 
It is a 6 channel version of ML2375. 
In addition, 
the 
BUSY, INT and multiplexer 
control 
pins are also 


available to the user. 


ANALOG 
INPUT AND OUTPUT VOLTAGES 


The ML2375 
and ML2377 
allow the analog input and 


output voltages to be referenced to a common 
point. 


Thus, the input voltage swing and the offset of the ADC 
and the output voltage swing and the offset of the DAC 
can be defined by the voltage applied at the commons, 


VZA01' 
VZA02, 
VZOA 10 and VZOA8· 


The voltage at the common 
for the 1O-bit D/A converter 


and the 8-bit D/A converter are defined by VZOAlO 
and 


VZOA8 respectively. 
For the ND 
inputs, channel 0 and 1 


common 
are defined by VZA01. 
The common 
of the other 


channels (2 to 5) may be programmed 
to VZA02 
by setting 
the on-chip 
control 
register (see Table 3). 
. 


The peak full scale voltage is defined by the reference 
voltages. 


VFS = 0.8 
X VREF 


Figure 1 shows the transfer function 
of the ML2375 and 


ML2377 and the relationship 
between VZ and VFs. 


Input Multiplexer 
Addressing 


The input multiplexer 
is addressed with either the MUXO 


to MUX2 pins or the internal multiplexer 
address register. 


The MUXO to MUX2 pins are not latched, and control the 
addressing of the multiplexer 
directly. 
If control 
of the 
multiplexer 
is to be done from the microprocessor 


addressable mux control 
register, then all MUX pins 
should be tied to a logic high. This condition, 
which 
is an 
illegal mux address, will then route control of the 
multiplexer 
addressing to the internal register, which 
is 
under microprocessor 
control. 


ML2375 
multiplexer 
can only be addressed via its on-chip 


multiplexer 
register. 


Simultaneous 
Sample/Hold 
Function 


The simultaneous 
sample/hold 
function 
is only available 
on channels 0 and 1. When addressing channel 0 or 1 
with the external MUX pins or the internal register bits 
and starting a conversion, 
both channels will 
be sampled 


and held simultaneously. 
Two conversions will then 


proceed back to back, with the BUSY pin and status bit 
going active for two conversion 
times. The INT pin and 


status bit will go active after the completion 
of the first 


ML2375, ML2377 


conversion. 
A read of the data register will then clear the 


INT pin and status bit. After the second conversion 
is 
completed, 
the INT pin and status bit will go active again, 
indicating 
the need for a read of the second result from 


the data register. If, however, the results of the first register 
are not read after the first conversion 
and before the 
second conversion, 
the INT pin and status bit remain 


active until the completion 
of the second conversion. 
The 


results of the first conversion 
remain in the data register, 
with the results of the second conversion 
stored in a 


holding 
register. After completion 
of the second 


conversion, 
which 
is indicated by the BUSY status bit or 
pin going inactive, both results can be obtained 
by 
successive reads of the data register. The INT pin and 
status bit are then cleared by the act of the second data 
register read. 


D/A CONVERTER OPERATION 


The D/A converters are updated beginning on the rising 
edge of the WR pin. Settling time is measured from this 
point. 
• 
Microprocessor 
Interface 


The ML2375 
is presented as four 1O-bit registers to the 


microprocessor. 
These registers are addressed via the 
address pins AO and A 1. The register map below describes 
the four registers. 


Table 1. A/D Converter 
Register 


ADDRESS 
00 


D9 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


Data 
Bit 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Sign 
MSB 
LSB 


Table 2. D/A Converter 
Register 


ADDRESS 
01 


D9 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


D/A 10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Sign 
MSB 
LSB 


D9 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


D/A 8 
7 
6 
5 
4 
3 
2 
1 
0 


Sign 
MSB 
LSB 
0 
0 


O~Micro Linear 


This register holds the results of the 1O-bit NO conversion 
results when read. The converted 
results are in 2's 
complement 
form, where 0 is the potential 
at the common 


pin. Reading of this register also clears the INT status bit 
and the deasserts the INT pin on the falling edge of the RO 
pin. 


Register Address 01 


When written, 
it receives the 1O-bit digital value for the 
1O-bit O/A converter. All codes are in 2's complement 
form, where the 0 code indicates the potential 
at the 
VZOA10 
or Vl/VREF 
pin. This register can also be read, 
which 
returns the previously 
written value. 


Register Address 10 


This register receives the 8-bit digital value for the 8-bit 0/ 
A converter. This value is also in 2's complement 
format. 


When read, it returns the previously 
written value. 8-bit 


data in this 1O-bit register is left justified. 


Control Register 


This is the control 
register. Functions such as NO 


conversion 
start, multiplexer 
control, 
and NO converter 


status are included. 


Table 3. Control Register 


ADDRESS 
11 


07 
When VZ3 = 1, Channel 3 common 
= VZAOZ 


06 
When VZz = 1, Channel 2 common 
= VZAOZ 


05 
INT. It is equivalent 
to the INT pin. It provides 


indication 
that a conversion 
is completed. 


04 
BUSY. This bit is NO converter status bit which 
provides indication 
that a conversion 
is in 


progress. It is equivalent 
to the BUSY pin of the 
ML2377. 


03 
START.This bit has the same function 
as the 


START pin. When this bit receives a 1, it will start 
a conversion. 
After the conversion 
has started, this 
bit is cleared after 4 clock cycles. 


02 
MUX2. MUX address bit 2. 


01 
MUX1. 
MUX address bit 1. 


00 
MUXO. MUX address bit O. 


CHIP RESET 


The chip is reset when a 0 is presented to the RESETpin. 
All registers are reset to O. Therefore, the O/A and the NO 
converters are all at zero scale and the multiplexer 
select 


is addressed to channel O.Additionally, 
VZz-VZs 
are 
cleared in the control 
register. 


09 
08 
07 
06 
OS 
04 
03 
02 
01 
DO 


ML2375 
0 
0 
0 
0 
INT 
BUSY 
START 
0 
MUXl 
MUXO 


ML2377 
VZs 
VZ4 
VZ3 
VZ2 
INT 
BUSY 
START 
MUX2 
MUXl 
MUXO 
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PART NUMBER 
PACKAGE 
COMMENTS 


ML2375CCP 
28-Pin 
DIP (P28) 
Multiplex 
Address and 
ML2375CCQ 
28-Pin 
PCC (Q28) 
Data Bus 
ML2375CCR 
28-Pin SSOP (R28) 


ML2377CCH 
44-Pin 
QFP (H44) 
Additional 
Analog 
Inputs, 


Individual 
VREF and Vzs 
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Telecom Communications 


Selection Gu ide 
. 


ML2003 
Logarithmic Gain/Attenuator 
. 


ML2004 
Logarithmic Gain/Attenuator 
. 


ML2008 
fJPCompatible Logarithmic Gain/Attenuator 
. 


ML2009 
fJPCompatible Logarithmic Gain/Attenuator 
. 


ML2020 
Telephone Line Equalizer 
. 


ML2021 
Telephone Line Equalizer 
. 


ML2031 
Tone Detector 
. 


ML2032 
Tone Detector 
. 


ML2035 
Programmable Sinewave Generator 
. 


ML2036 
Programmable Sinewave Generator 
. 


ML2110 
Universal Dual Filter 
. 


ML2111 
Universal Hi-Frequency Dual Filter 
. 


3-1 


3-2 


3-2 


3-13 


3-13 


3-22 


3-33 


3-44 


3-44 


3-52 


3-52 


3-64 


3-83 • 
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Gain 
Noise 
Harmonic 
Power 
lemperature 


Part 
Range 
Resolution 
(dBrnc 
Distortion 
Digital 
Supplies 
Range 


Number 
(dB) 
(dB Steps) 
@ Max Gain) 
(dB) 
Interface 
M 
C 
I 
Package 


Ml2003 
-24 to +24 
0.1 
0 
-60 
Serial, 
±5 
X 
X 
18-pin 
DIP 


Hard Wire 
20-pin 
PCC 


ML2004 
-24 to +24 
0.1 
0 
-60 
Serial 
±5 
X 
X 
14-pin 
DIP 


Ml2008 
-24 to +24 
0.1 
0 
-60 
8-Bit JlP 
±5 
X 
X 
18-pin 
DIP 


20-pin 
PCC 


ML2009 
-24 to +24 
0.1 
0 
-60 
16-Bit JlP 
±5 
X 
X 
18-pin 
DIP 
20-pin 
PCC 


Idle 
Frequency 
Channel 
Harmonic 
Power 
lemperature 


Part 
Response 
Noise 
Distortion 
Interface 
Supplies 
Range 
Number 
Adjustable 
(dBrnc) 
(dB) 
Comment 
Interface 
M 
C 
I 
Package 


ML2020 
Slope, 
8 
-48 
60 Hz 
Serial 
±5 
X 
X 
16-pin 
DIP 
Height 
Rejection 
18-pin 
SOIC 
Bandwidth 


ML2021 
Slope 
8 
-48 
Group 
Serial 
±5 
X 
X 
16-pin 
DIP 


Height 
Delay 
18-pin 
SOIC 
Bandwidth 
Optimized 
• 


Dynamic 
Detect 
Range 
Frequency 
Power 
lemperature 
Part 
Frequency 
Detect 
lemplate 
Supplies 
Range 


Number 
(Hz) 
(dBm) 
(Hz) 
Comment 
M 
C 
I 
Package 


Ml2031 
lK 
to 4K 
-34 to +6 
Detect 
±10 
Exceed Bell Pub 43004, 
±5 
X 
X 
8-pin 
DIP 
No Detect 
±36 
Clock 
Outputs 
of 


CLK1N ';'-2, ';'-8 


Ml2032 
lK 
to 4K 
-34 to +6 
Detect 
±10 
Exceed Bell Pub 43004, 
±5 
X 
X 
8-pin 
DIP 
No Detect 
±36 
Uncommitted 
Op Amp 


Frequency 
Min 
Gain 
Harmonic 
Power 
lemperature 
Part 
Range 
Resolution 
Error 
Distortion 
Digital 
Supplies 
Range 
Number 
(Hz) 
(Hz) 
(dB) 
(dB) 
Comment 
Interface 
M 
C 
I 
Package 


ML2035 
DC to 15K 
±.75 
±.1 
-45 
Voltage 
Serial 
±5 
X 
X 
8-pin 
DIP 
Amplitude 
Vcc/2 


ML2036 
DC to SOK 
±.75 
±.1 
-45 
Adj. Voltage 
Serial 
±5 
X 
X 
14-pin 
DIP 
Amplitude, 
16-pin 
SOIC 


Clock 
Outputs 
of 


CLK1N ';'-2, ';'-8 
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Logarithmic Gain/ Attenuator 


The ML2003 and ML2004are digitally controlled 
logarithmic gain/attenuators 
with a range of -24 to 


+24dB in O.1dBsteps. 


The gain settings are selected by a 9-bit digital word. 
The ML2003 digital interface is either parallel or serial. 
The ML2004 is packaged in a 14-pin DIP with a serial 
interface only. 


Absolute gain accuracy is O.OSdBmax over supply 
tolerance of ±10% and temperature 
range. 


These CMOS logarithmic gain/attenuators 
are designed 


for a wide variety of applications in telecom, audio, 
sonar, or general purpose function generation. 
One 


specific intended application is analog telephone 
lines. 


• 
Low noise 
0 dBrnc 
max with +24dB gain 


• 
Low harmonic 
distortion 
-60dB max 


• 
Gain range 
-24 to +24dB 


• 
Resolution 
0.1dB steps 


• 
Flat frequency 
response 
±.OSdB from .3-4kHz 
±.10dB 
from 
.1-20kHz 


• 
Low supply 
current 
4mA max froITI ±SV supplies 


• 
TTL/CMOS compatible 
digital interface 


• 
ML2003 has pin selectable 
serial or parallel 


interface; 
ML2004 serial interface 
only 


• 
Standard 
14-pin or 18-pin 0.3" center 
DIP or 20- 
pin molded 
chip carrier 
package 


Vcc 
Pm" 
AGND 
Vss 
GND 
ML2003 
r 
r 
r 
r 
r 


18-PIN DIP 


C3 
ATTEN/GAIN 


V,lli 


(LATI)C2 
Vcc 


(SID)Cl 
Vour 


VOUT 
(LATO)CO 
Vss 


POIII 
AGND 


F3 
V,lli 


(SCK)F2 
NC 


Fl 
FO (SOD) 


GND 
SER/PAR 


DECODER/MODE 
SELECTOR 
TOP 
VIEW 
co (LATO) 


NC 


POIII 


FO 
F3 


ML2004 
F2 (SCK) 
F2 
14-PIN DIP 


C2 
co 


(LATI) 
(LATO) 


Cl 
FO 
LATI 
Vcc 


(SID) 
(SOD) 
SID 
Vour 


LATO 
Vss 


ATTEN/ 
C3 
Fl 
F3 
F2 
POIII 
AGND 
GAIN 
(SCK) 
SCK 
V,lli 


NC 
NC 


NOlI: 
SlRIAL 
MODE FUNCTIONS 
INDICATID 
BY PARENTHESES. 


GND 
SOD 


TOP 
VIEW 
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20-PIN pcc 


~ 
3 
2 
1 20 19 


4 
0 
18 


5 
17 


6 
16 


7 
IS 


8 
14 
910111213 


Vour 


Vss 


AGND 
NC 
NC 
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NAME 
FUNCTION 
NAME 
FUNCTION 


C3 
In serial mode, pin is unused. In parallel 
F1 
In serial mode, pin is unused. 
In 
mode, coarse gain select bit. Pin has 
parallel mode, fine gain select bit. Pin 


internal 
pulldown 
resistor to GND. 
has internal 
pulldown 
resistor to GND. 


(LATI) C2 
In serial mode, input 
latch clock which 
GND 
Digital ground. 
0 volts. All digital 
inputs 


loads the data from 
the shift register 
and output 
are referenced 
to this 


into the latch. In parallel mode, coarse 
ground. 
gain select bit. Pin has internal 
sER/PAR 
seria1..QLparallel select input. 
When 
pulldown 
resistor to GND. 
sER/PAR = :1...!ievice is in serial mode. 
(SID) C1 
In serial mode, serial data input that 
When 
sER/PAR = 0, device is in parallel 
contains serial 9 bit data word 
which 
mode. 
Pin has internal 
pullup 
resistor to 
controls 
the gain setting. In parallel 
Vcc· 


mode, coarse gain select bit. Pin has 
(SOD) FO 
In serial mode, serial output 
data which 
internal 
pulldown 
resistor to GND. 
is the output 
of the shift register. In 
(LATO) CO 
In serial mode, output 
latch clock which 
parallel mode, fine gain select bit. Pin 
loads the 9 bit data word 
back into the 
has internal 
pulldown 
resistor to GND. 


shift register from 
the latch. In parallel 
V1N 
Analog 
input. 


mode, coarse gain select bit. Pin has 
AGND 
Analog 
ground. 
0 volts. Analog 
input 
internal 
pulldown 
resistor to GND. 
and output 
are referenced 
to this 
PON 
Powerdown 
input. When PON= 1, device 
ground. 


is in powerdown 
mode. When 
PON = 0, 
Vss 
Negative supply. -5 volts ±10%. 
device is in normal 
operation. 
Pin has 
internal 
pulldown 
resistor to GND. 
VOUT 
Analog 
output. 
1.11 


F3 
In serial mode, pin is unused. In parallel 
Vcc 
Positive supply. +5 volts ±10%. 
mode, fine gain select bit. Pin has 
ATTEN/GAIN 
In serial mode, pin is unused. In 


internal 
pulldown 
resistor to GND. 
parallel mode, attenuation/gain 
select 


(sCK) F2 
In serial mode, shift register clock 
bit. Pin has internal 
pulldown 
resistor to 
which 
shifts the serial data on SID into 
GND. 


the shift register on rising edges and 
out on SOD on falling edges. In parallel 
mode, fine gain select bit. Pin has 
internal 
pulldown 
resistor to GND. 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Supply 
Voltage 
Vcc 
+fi.5V 


Vss 
-6.5V 


AGND 
with 
respect 
to GND 
±.5V 


Analog 
Input 
and Output 
Vss - O.3V to Vcc + O.3V 


Digital 
Inputs 
and Outputs 
GND 
- O.3V to Vcc + O.3V 


Input 
Current 
Per Pin 
±25mA 


Power 
Dissipation 
750mW 


Storage 
Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(soldering, 
10 sec) 
300°C 


Temperature 
Range (Note 
2) 
ML2003Cp, ML2004CP, ML2004CQ 
OOCto +70°C 


ML20031j, 
ML20041) 
-40°C 
to +85°C 


Supply 
Voltage 
Vcc .......................•................... 
4V to 6V 


~ 
~m~ 
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ELECTRICAL CHARACTERISTICS 


Unless otherwise 
specified TA = TMIN to TMAX,Vcc = 5V ±10%, Vss = -5V ±10""{', Data Word: 
ATIEN/GAIN 
= 1, 
Other 
Bits = 0 (OdB Ideal Gain), CL = 100pF, RL = 6000, SCK = LATI = LATa = 0, dBm measurements 
use 6000 as 
reference 
load, digital timing 
measured at 1.4V. 


SYMBOL 


Analog 


AG 
Absolute 
gain accuracy 
4 
V1N= 8dBm, 
1kHz 
-D.OS 
-+{).05 
dB 


RG 
Relative 
gain accuracy 
4 
1ס0ooooo1 
-.05 
+.05 
dB 
סס0oooooo 
-.05 
+.05 
dB 
. 
0ס0ooooo1 
-.05 
+.05 
dB 
All other 
gain settings 
-D.1 
-+{).1 
dB 
All values 
referenced 
to 10ס0ooooo gain 
when 
ADEN/GAIN 
= 1, V1N = 8dBm 
when 
ADEN/GAIN 
= 0, 


V1N = (BdBm - Ideal Gain) 
in dB 


FR 
Frequency 
response 
4 
300-4000Hz 
-D.05 
-+{).05 
dB 
100-20,000 Hz 
-D.1 
-+{).1 
dB 
Relative 
to 1kHz 


VOS 
Output 
Offset 
Voltage 
4 
V1N= 0, +24dB gain 
±loo 
mV 


ICN 
Idle Channel 
Noise 
4 
V1N= 0, +24dB gain, C msg. Weighted 
~ 
0 
dBmc 


5 
V1N= 0, +24dB gain, 1kHz 
450 
900 
nv/VHZ 


HD 
Harmonic 
Distortion 
4 
V1N= BdBm, 1kHz 
~ 
dB 
Measure 
2nd, 3rd harmonic 
relative 
to fundamental 


SD 
Signal to Distortion 
4 
V1N= 8dBm, 
1kHz. 
-+60 
dB 
C msg. weighted 


PSRR 
Power 
Supply 
Rejection 
4 
2OOmVp_p,1kHz 
sine, V1N= 0 


on Vcc 
~ 
-40 
dB 


on Vss 
~ 
-40 
dB 


llN 
Input 
Impedance, 
V1N 
4 
1 
Meg 


V1NR 
Input 
Voltage 
Range 
4 
±3.0 
V 


Vosw 
Output 
Voltage 
Swing 
4 
±3.0 
V 


V1L 
Digital 
Input 
Low Voltage 
4 
.8 
V 


V1H 
Digital 
Input 
High 
Voltage 
4 
2.0 
V 


VOL 
Digital 
Output 
Low Voltage 
4 
IOL = 2mA 
.4 
V 


VOH 
Digital 
Output 
High 
Voltage 
4 
10H = -lmA 
4.0 
V 


INS 
Input 
Current, 
SER/PAR 
4 
V1H= GND 
-5 
-100 
pA 


IND 
Input 
Current, 
All .lli&!tal 
4 
V1H= Vcc 
5 
100 
pA 


Inputs 
Except SER/PAR 


Icc 
Vcc Supply 
Current 
4 
No output 
load, V1L= GND, 
4 
mA 


V1H= Vcc, V1N= 0 


Iss 
Vss Supply 
Current 
4 
No output 
load, V1L= GND, 
-4 
mA 
V1H= Vcc, V1N= 0 


Iccp 
Vcc Supply 
Current, 
4 
No output 
load, V1L= GND, 
.s 
mA 


Powerdown 
Mode 
V1H= Vcc 


Issp 
Vss Supply 
Current 
4 
No output 
load, V1L= GND, 
-.1 
mA 


Powerdown 
Mode 
V1H= Vcc 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
_ 


Unless otherwise 
specified TA = TMIN to TMAX,Vcc = 5V ±10%, Vss = -5V ±10%, Data Word: 
ADEN/GAIN 
= 1, 


Other 
Bits = 0 (OdB Ideal Gain), CL = l00pF, RL = 6000, 
SCK = LATI = LATO = 0, dBm measurements 
use 6000 
as 
reference 
load, digital timing 
measured at lAY. CL = l00pF 
or SOD. 


SYMBOL 


AC Characteristics 


tSET 
VOUT Settling 
Time 
4 
VIN = 0.185V. Change 
gain from 
-24 to 
20 
J1S 


+24dB. Measure 
from 
LATI rising 
edge 
to when 
VOUT settles to within 
0.05dB 
of final 
value. 


tSTEP 
VOUT Step Response 
4 
Gain = +24dB. VIN = -D.185V to +O.185V 
20 
/lS 
step. Measured 
when 
VOUT settles to 
within 
0.05dB of final 
value. 


tSCK 
SCK On/Off 
Period 
4 
250 
ns 


ts 
SID Data Setup Time 
4 
50 
ns 


tH 
SID Data Hold 
Time 
4 
50 
ns 


to 
SOD Data Delay 
4 
0 
125 
ns 


tlPW 
LATI Pulse Width 
4 
5q 
ns 


topw 
LATa 
Pulse Width 
4 
50 
ns 


tiS, tos 
LATI, LATO Setup Time 
4 
50 
ns 


tlH, tOH 
LATI, LATO Hold 
Time 
5 
50 
ns 


tpLD 
SOD Parallel 
Load Delay 
4 
0 
125 
ns • 


Note 
1: Absolute 
maximum 
ratings are limits 
beyond 
which 
the 
life of the 
integrated 
circuit 
may be impaired. 
All voltages 
unless 
otherwise 
specified 
are measured 
with 
respect 
to ground. 
Note 2: OOCto 700C and -40°C 
to +85°C operating 
temperature 
range 
devices 
are 100% tested 
with 
temperature 
limits 


guaranteed 
by 100% testing, 
sampling, 
or by correlation 
with 
worst-case 
test conditions. 
Note 3: Typicals are parametric 
norm 
at 25°C. 


Note 4: Parameter 
guaranteed 
and 100% production 
tested. 
Note 5: 
Parameter 
guaranteed. 
parameters 
not 100% tested 
are not 
in outgoing 
quality 
level calculation. 
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TYPICAL PERFORMANCE CURVES 


II 
IIII 
II~ 


AllEN: 
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I I IIII '\ 
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Figure 7. Gain Error vs Gain Setting 
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50 
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The ML2003consists of a coarse gain stage, a fine gain 
stage, an output buffer, and a serial/parallel digital 
interface. 


1.1 Gain Stages 


The analog input, 
VIN, goes directly into the op amp 


input in the coarse gain stage. The coarse gain stage 
has a gain range of 0 to 22.5dB in 1.5dB steps. 


The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of 0 to 1.5dB in 
O.1dBsteps. 


In addition, both sections can be programmed 
for 


either gain or attenuation, 
thus doubling the effective 


gain range. 


The logarithmic steps in each gain stage are generated 
by placing the input signal across a resistor string of 16 
series resistors. Analog switches allow the voltage to be 
tapped from the resistor string at 16 points. The resistors 
are sized such that each output voltage is at the proper 
logarithmic ratio relative to the input signal at the top 
of the string. Attenuation is implemented 
by using the 
resistor string as a simple voltage divider, and gain is 
implemented 
by using the resistor ,string as a feedback 
resistor around an internal op amp. 


1.2 Gain Settings 


Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain 
from -24dB to +24dB in O.1dBsteps can be obtained by 


combining the coarse and fine gain settings to yield the 
desired gain setting. The relationship between the 
digital select bits and the corresponding 
analog gain 
values is shown in Tables 1 and 2. Note that C3-CO 
selects the coarse gain, F3-FOselects the fine gain, and 
ATTEN/GAINselects either attenuation 
or gain. • 


1.3 Output Buffer 


The final analog stage is the output buffer. This 
amplifier has internal gain of 1 and is designed to 
drive 600 ohms and l00pF loads. Thus, it is suitable 
for driving a telephone 
hybrid circuit directly without 
any external amplifier. 


1.4 Power Supplies 


The digital section is powered between Vcc and GND, 
or 5 volts. The analog section is powered between Vcc 
and Vss and uses AGND as the reference point, or ±5 
volts. 


GND and AGND are totally isolated inside the device 
to minimize coupling from the digital section into the 
analog section. However, AGND and GND should be 
tied together physically near the device and ideally 
close to the common power supply ground 
connection. 


Typically,the power supply rejection of Vcc and Vss 
to the analog output is greater than -GOdBat 1kHz. If 
decoupling of the power supplies is still necessary in a 
system, Vcc and Vss should be decoupled 
with 
respect to AGND. 
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Table 
1. Fine Gain Settings 
(C3-CO = 0) 


F3 
F2 
Fl 
~eal 
Gain (dB)__ 


FO 
ATTEN/GAIN = 1 ATTEN/GAIN = 0 


0 
0 
0 
0 
.0 
.0 


0 
0 
0 
1 
-.1 
.1 


0 
0 
1 
0 
-.2 
.2 


0 
0 
1 
1 
-.3 
.3 


0 
1 
0 
0 
-.4 
.4 


0 
1 
0 
1 
-.5 
.5 


0 
1 
1 
0 
-.6 
.6 


0 
1 
1 
1 
-.7 
.7 


1 
0 
0 
0 
-.8 
.8 
1 
0 
0 
1 
-.9 
.9 


1 
0 
1 
0 
-1.0 
1.0 


1 
0 
1 
1 
-1.1 
1.1 


1 
1 
0 
0 
-1.2 
1.2 


1 
1 
0 
1 
-1.3 
1.3 
1 
1 
1 
0 
-1.4 
1.4 
1 
1 
1 
1 
-1.5 
1.5 


1.5 Powerdown 
Mode 


A powerdown 
mode 
can 
be selected 
with 
pin PON. 
When 
PON = 1, the 
device 
is powered 
down. 
In this 


state, 
the 
power 
consumption 
is reduced 
by removing 


power 
from 
the 
analog 
section 
and 
forcing 
the 
analog 


output, 
VOUT, to a high 
impedance 
state. 
While 
the 


device 
is in powerdown 
mode, 
the 
digital 
section 
is still 


functional 
and 
the 
current 
data 
word 
remains 
stored 
in 


the 
latch when 
in serial mode. 
When 
PON = 0, the 


device 
is in normal 
operation. 


1.6 Digital Section 


The ML2003 can b~erated 
with a serial or parallel 


Interface. 
The SERIPAR pin selects 
the 
desired 
interface. 
Whe.!l.2!'R/PAR 
= 1, the 
serial 
mode 
is selected. 
When 


SER/PAR = 0, the 
parallel 
mode 
is selected. 
The ML2004 


digital 
interface 
is serial only. 


1.6.1 Serial Mode 


Serial ~od.e 
is selected 
by setting 
SER/PAR pin high. 
The serial 
mterface 
allows the 
gain settings 
to be set 


from 
a serial data 
word. 


The timing 
for the 
serial 
mode 
is shown 
in Figure 
10. 
The serial 
input 
data, 
SID, is loaded 
into a shift register 


on rising edges 
of the 
shift clock, 
SCK. The data 
can be 


parall~1 I~aded 
into a latch when 
the 
input 
latch signal, 


LATI, IS high. 
The LATI pulse 
must 
occur 
when 
SCK is 


low. In this way, a new 
data 
word 
can 
be loaded 
into 


the 
shift register 
without 
disturbing 
the 
existing 
data 


word 
in the 
latch. 


The parallel 
outputs 
of the 
latch control 
the 


attenuation/gain 
setting. 
The order 
of the 
data 
word 


bits in the 
latch 
is shown 
in Figure 
11. Note 
that 
bit 0 is 


the 
first bit of the 
data 
word 
clocked 
into the 
shift 


register. 
Tables 1 and 
2 describe 
how 
the 
data word 


programs 
the 
gain. 


Table 
2. Coarse 
Gain Settings 
(F3-FO = 0) 


C3 
C2 
C1 


-----.M.ealGain (dB) __ 


CO 
ATTEN/GAIN = 1 
ATTEN/GAIN = 0 


0 
0 
0 
0 
.0 
.0 


0 
0 
0 
1 
-1.5 
1.5 


0 
0 
1 
0 
-3.0 
3.0 


0 
0 
1 
1 
-4.5 
4.5 


0 
1 
0 
0 
-6.0 
6.0 


0 
1 
0 
1 
-7.5 
7.5 


0 
1 
1 
0 
-9.0 
9.0 


0 
1 
1 
1 
-10.5 
10.5 


1 
0 
0 
0 
-12.0 
12.0 


1 
0 
0 
1 
-13.5 
13.5 


1 
0 
1 
0 
-15.0 
15.0 


1 
0 
1 
1 
-16.5 
16.5 


1 
1 
0 
0 
-18.0 
18.0 


1 
1 
0 
1 
-19.5 
19.5 


1 
1 
1 
0 
-21.0 
21.0 


1 
1 
1 
1 
-22.5 
22.5 


The device 
also has the 
capability 
to read 
out the 
data 


wor~ 
stored 
in the 
latch. This can 
be done 
by parallel 
loadmg 
the 
data 
from 
the 
latch back 
into the 
shift 


register 
when 
the 
latch signal, 
LATa, is high. The 
LATa 
pulse 
must 
occur 
when 
SCK is low. Then, 
the 
data 


word 
can be shifted 
out 
of the 
shift register 
serially to 


the 
output, 
SOD, on falling edges 
of the 
shift clock 


SCK. 
' 


The loading and reading of the data word can be done 
continuously 
or in bursts. Since the shift register and latch 


circuitry inside the device is static, there are no minimum 
frequency 
requirements 
on the clocks or data pulses. 


However, there is coupling 
(typically less than l00/lV) of the 
digital signals into the analog section. This coupling 
can be 


minimIzed 
by clocking the data bursts in during noncritical 


Intervals or at a frequency 
outside the analog frequency 


range. 


1.6.2 Parallel 
Mode 


The parallel 
mode 
is selected 
by setting 
SER/PAR pin 


low. The parallel 
interface 
allows 
the 
gain settings 
to be 
set with external 
switches 
or from 
a parallel 
microprocessor 
interface. 


In parallel 
mode, 
the 
shift register 
and 
latch are 
bypassed 
and 
connections 
are made 
directly 
to the 
gain 
select 
bits with external 
pins ATTEN/GAIN, 
C3-CO, and 
F3-FO. Tables 1 and 
2 describe 
how 
these 
pins program 
the 
gain. The pins ATTEN/GAIN, 
eJ-CO 
and 
F3-FO have 
internal 
pulldown 
resistors 
to GND. Th~ typical 
value 
of 
these 
pulldown 
resistors 
is 100kn. 
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Figure 14. Controlling Multiple ML2020and ML2004With Only 3 Digital Lines 
Using One Long Data Word 


ATTEN/GAIN 
C3-CO 
F3-Fl 


G~Micro Linear 


ML2003, ML2004 


ATTEN/GAIN 
C3-CO 
F3-Fl 


ATTEN/GAIN 


Cl-CO 
F3-Fl 


FROM 
IJ!'OR 
SWITCHES 
• 


ATTEN/GAIN 
Cl-CO 
F3-Fl 
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ORDERING 
INFORMATION 


PART NUMBER 


ML20031j 
ML20031P 
ML20031Q 
ML2003CP 
ML2003CQ 
ML20041j 
ML20041P 
ML2004CP 


TEMP. RANGE 


-40°C 
to +85°C 
-40°C 
to +85°C 


-40°C 
to +85°C 
O°C to +70°C 
-40°C 
to +85°C 


-40°C 
to +85°C 


-40°C to +85°C 
O°C to +70°C 


PACKAGE 


HERMETIC DIP (J18) 
MOLDED 
DIP (P18) 
MOLDED 
PCC (Q20) 
MOLDED 
DIP (P18) 
MOLDED 
PCC (Q20) 
HERMETIC DIP (J14) 
MOLDED 
DIP (P14) 
MOLDED 
DIP (P14) 
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IJP Compatible Logarithmic Gain/ Attenuator 


The ML2008 and ML2009 are digitally controlled logarithmic 
gain!attenuators with a range of - 24 to +24dB in O.ldB 
steps. 


Easyinterface to microprocessors is provided by an input 
latch and control signals consisting of chip select and write. 


The interface for gain setting of the ML2008 is by an 8-bit 
data word, while the ML2009 is designed to interface to a 
16-bit data bus or with an 8-bit data bus with a single write 
operation by hard-wiring the gain! attenuation pin or LSBpin. 
The ML2008 can be power downed by the microprocessor 
utilizing a bit in the second write operation. 


Absolute gain accuracy is O.OSdBmax over supply tolerance 
of ±10% and temperature range. 


These CMOS logarithmic gain! attenuators are designed for a 
wide variety of applications in telecom, audio, sonar, or gen- 
eral purpose function generation. 


• Low noise 
OdBrn<;max 
with 
+24dB 
gain 


• Low harmonic 
distortion 
-60dB 
max 


• Gain range 
-24to 
+24dB 


• Resolution 
0.1 dB steps 


• Flat frequency 
response 
± 0.05 dB from 0.3-4 kHz 
±0.10dB 
from 0.1-20kHz 


• Low supply current 
4mAmaxfrom 
±SVsupplies 


• nLlCMOS 
compatible 
digital interface 


• ML2008 
is designed to interface to an 8-bit 
data bus; 


ML2009 to 16-bit data bus. ' 


• Standard 18-pin 0.3" center DIP or 20-pin 
molded 
chip carrier package 


IJI 


vcc 
Vss 
GND 
AGND 


+~ 
_~ 1 ~ 
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PIN CONNEOIONS 


ML2008 


18-PIN DIP 


D7 
D8 


D6 
Vcc 


os 
Your 


D4 
Vss 


WR 
AGNQ 


D3 
V,N 


D2 
NC 


D1 
cs 


GND 
AO 


TOP VIEW 


20-PIN PLCC 


ML2009 


18-PIN DIP 


D7 
DB 


D6 
Vcc 


D5 
Your 


D4 
Vss 


WR 
AGND 


D3 
V,N 


D2 
NC 


Dr 
cs 


GND 
DO 


D5 
D6 
D7 D8 Vcc 


3 
2 
1 
20 
19 
D4 
18 
Your 


NC 
17 
Vss 


WR 
1& 
AGND 


D3 
15 
NC 


D2 
14 
NC 
9 
1Q 
11 
12 
13 


D1 GND AO CS 
V'N 


TOP VIEW 


D5 
D6 
D7 D8 Vcc 


3 
2 
1 
'20 
19 
18 
VOUT 


17 
Vss 


1& 
AGND 


15 
NC 


14 
NC 
9 
10 
11 
12 
13 


Dl GND DO CS V,N 


TOP VIEW 


NAME 


VSS 


VCC 
GND 


VIN 


VOUT 
08 
07 
06 
05 
04 


NAME 


03 
02 


Negative supply. - 5volts ± 10% 


Positive supply. 5volts ± 10% 


Digital ground. Ovolts. All digital 
inputs are referenced to this 
ground. 
Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 


Analog input 


Analog output 


Data bit, ADEN/GAIN 


Data bit, C3 


Data bit, C2 


Data bit, C1 


Data bit, CO 


FUNCTION 


Data bit, F3 


Data bit, PDN,F2 ML2008; F2 
ML2009 


Data bit, FO,F1ML2008; F1 
ML2009 


Data bit, FOML2009 only 


Write enable. This input latches 
the data bits into the registers on 
rising edges of WR. 


Chip select. This input selects the 
device by only allowing the WR 
signal to latch in data when CS is 
low. 


Address select. This input deter- 
mines which data word is being 
written into the registers. 
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ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage 


Vcc 
. 
. . . . . . . .. ...•.•.... 
. . 
+6.5V 


~ 
-~V 


AGND with Respect to GND 
... 
Vcc to Vss 


Analog Inputs and Outputs 
. Vss -O.3V 
to VCC +0.3V 


Digital Inputs and Outputs 
GND 
-0.3V 
to Vcc +0.3V 


Input Current Per Pin 
. . . . . . . . . 
± 25 mA 


Power Dissipation 
750mW 


StorageTemperatureRange 
.. 
-65°Cto 
+150°C 


Lead Temperature (Soldering 10 sec.) 
300° C 


Temperature Range (Note 2) 


ML2008CP, ML2009CP 
ML2008CQ, 
ML2009CQ 
ML20081j, ML20091j 
Supply Voltage 


Vcc 
Vss 
. 


.....•........... 
O°C to +70°C 


...••......... 
0°Cto+70°C 


-40°Cto 
+85°C 


ELECTRICAL CHARACTE RISTICS 
Unless otherwise 
specified 
TA~ TMIN to TMAX, Vcc=5V±10%, 
Vss- 
-5V±10%, 
Data Word: 
D8 (ATIEN/GAIN) 
=1, Other 
Bits =0, 
(OdB Ideal Gain), 
CL = 100pF, RL= 600Q, 
dBm 
measurements 
use 600Q 
as reference 
load, digital 
timing 
measured 
at 
1.4V. 


SYMBOL 


ANALOG 


AG 
Absolute Gain Accuracy 
4 
V1N-8dBm, 
1kHz 
-0.05 
+0.05 
dB 


RG 
Relative Gain Accuracy 
4 
1ס0ooooo1 
-0.05 
+0.05 
dB 


()()()()()()()( 
-0.05 
+0.05 
dB 


0ס0ooooo1 
-0.05 
+0.05 
dB 


All other gain settings 
-0.1 
+0.1 
dB 


All values referenced to 10ס0ooooo gain 
when D8 (ATTEN/GAIN)-l, 
V1N=8dBm 
when D8 (ATTEN/GAIN)-O, 
V1N- (8dBm -Ideal 
Gain) in dB 


FR 
Frequency Response 
4 
300-4000Hz 
-0.05 
+0.05 
dB 
100-20,000 Hz 
-0.1 
+0.1 
dB 


Relative to 1kHz 


Vos 
Output Offset Voltage 
4 
VIN=O, 
+24dBgain 
±100 
mV 


ICN 
Idle Channel Noise 
4 
V1N-0, 
+24dB, C msg weighted 
-6 
0 
dBrnc 
5 
VIN-O, 
+24dB, 
1kHz 
450 
900 
nvl 
-vRZ 


HD 
Harmonic 
Distortion 
4 
V1N=8dBm,lkHz 
-60 
dB 
Measure 2nd, 3rd, harmonic 
relative to 
fundamental 


SD 
Signal to Distortion 
4 
V1N-8dBm, 
1kHz 
+60 
dB 
C msg weighted 


PSRR 
Power Supply Rejection 
4 
200mVp-p, 1kHz sine, VIN-O 
on Vcc 
-60 
-40 
dB 


on Vss 
-60 
-40 
dB 


llN 
Input Impedance, 
V1N 
4 
1 
Meg 


V1NR 
Input Voltage Range 
4 
±3.0 
V 


Vosw 
Output 
Voltage Swing 
4 
±3.0 
V 
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ELECTRICAL CHARACTERISTICS 
(Continued) 


Unless otherwise 
specified 
TA ~ TMIN to TMAX, Vcc~Sv 
±10%, 
VSS- -SV 
±10%, 
Data Word: 
D8 (AnEN/GAIN)~l, 
Other 
Bits~O 
(OdB Ideal Gain), 
CL ~ 100pF, RL-6OOQ, 
dBm 
measurements 
use 600Q 
as reference 
load, 
digital 
timing 
measured 
at 
lAY, CL -100pF. 


SYMBOL 
PARAMETER 


DIGITAL AND DC 


V1L 
Digital Input Low Voltage 
4 
0.8 
V 


V1H 
Digital Input High Voltage 
4 
2.0 
V 


IIN 
Input Current, Low 
4 
VIH~GND 
-10 
/-'A 


IIN 
Input Current, High 
4 
V1H-VCC 
10 
/-'A 


Icc 
Vcc Supply Current 
4 
No output load, V1L~GND, 
4 
mA 


VIH~VCC' VIN-O 


Iss 
VSSSupply Current 
4 
No output load, V1L-GND, 
-4 
mA 


VIH~VCC, VIN-O 


Iccp 
Vcc Supply Current, ML2008 
4 
No output load, V1L~GND, 
0.5 
mA 


Powerdown Mode Only 
V1H-VCC 


Issp 
Vss Supply Current, ML2008 
4 
No output load, V1L-GND, 
-0.1 
mA 


Powerdown Mode Only 
V1H-VCC 


tSET 
VOUT Settling Time 
4 
V1N-0.185 V. Change gain from -24 
to 
20 
/-,S 


+24dB. Measure from WR rising edge to 
when VOUT settles to within 
0.05dB of 
final value. 


tSTEP 
VOUT Step Response 
4 
Gain~ 
+24dB. V1N- -3Vto 
+3V step. 
20 
/-,S 


Measure from V1N~ - 3V to when VOUT 
settles to within 0.05dB of final value. 


tDS 
Data Setup Time 
4 
50 
ns 


tDH 
Data Hold Time 
4 
50 
ns 


tAs 
AO Setup Time 
4 
0 
ns 


tAH 
AO Hold Time 
4 
0 
ns 


less 
CS* Setup Time 
4 
0 
ns 


leSH 
CS* Hold Time 
4 
0 
ns 


tpw 
WR* Pulse Width 
4 
50 
ns 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: O°C to +70°C and -40°C 
to +85°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 


100% testing, sampling, or by correlation 
with worst-case test conditions. 


Note 3: Typicals are parametric norm at 25°C. 


Note 4: 
Parameter guaranteed and 100% production 
tested. 


Note 5: 
Parameter guaranteed. 
Parameters not 100% tested are not in outgoing quality level calculation. 
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Figure 7. Gain Error vs Gain Setting 
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The ML2008, 
ML2009 
consists 
of a coarse 
gain stage, a fine 
gain stage, an output 
buffer, 
and a liP compatible 
parallel 


digital 
interface. 


1.1 
Gain Stages 


The analog 
input, 
V1N, 
goes directly 
into the op amp 
input 
in 


the coarse 
gain stage. The coarse gain stage has a gain range- 


of 0 to 22.5dB 
in 1.5dB steps. 


The fine gain stage is cascaded 
onto 
the coarse 
section. 
The 
fine gain stage has a gain range of 0 to 1.5dB 
in 0.1 dB steps. 


Both stages can be programmed 
for either 
gain or attequa~ 


tion, 
thus doubling 
the effective 
gain range. 


The logarithmic 
steps in each gains stage are generated 
by 


placing 
the input 
signal ,across a resistor 
string of 16 series 


resistors. Analog 
switches 
allow 
the voltage 
to be tapped 
from 
the resistor string at 16 points. 
The resistors are sized such that 


each output 
voltage 
is at the proper 
logarithmic 
ratio relative 


to the input 
signal at the top of the string. 
Attenuation 
is im~ 


plemented 
by using the r,esistor string as a simple 
voltage 


divider, 
and gain is implementeq 
by using the resistor 
string 


as a feedback 
resistor around-an 
internal 
op amp. 


1.2 
Gain Settings 


Since the coarse 
and fine gain stages are cascaded, 
their 
gains 


can be summed 
logarithmically. 
Thus, 
any gain from 
-24dB 


to +24dB 
in 0.1 dB steps can be obtained 
by combining 
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the coarse 
and fine gain settings to yield 
the desired 
gain 
1.4 
Power Supplies 


setting. 
The relationship 
between 
the register 0 and 1 bits and 
The digital 
section 
is powered 
between 
Vcc 
and GND, 
or 5 V. 


the corresponding 
analog 
gain values 
is shown 
in Tables 1 and 
The analog 
section 
is powered 
between 
Vcc 
and Vss and 


2. Note 
that C3-CO select the coarse 
gain, 
F3-FO select the 
uses AGND 
as the reference 
point, 
or ± 5 V. 


fine gain, and ADEN/GAIN 
selects either 
gain or 
GND 
and AGND 
are totally 
isolated 
inside the device 
to 


attenuation. 
minimize 
coupling 
from 
the digital 
section 
into the analog 


1.3 
Output 
Buffer 
section. 
Typically 
this is less than 
100/AV. However, 
AGND 


The final analog 
stage is the output 
buffer. 
This amplifier 
has 
and GND 
should 
be tied together 
physically 
near the device 


internal 
gain of 1 and is designed 
to drive 
600Q, 
100pF 
loads. 
and ideally 
close to the common 
power 
supply 
ground 


Thus, 
it is suitable 
for driving 
a telephone 
hybrid 
circuit 
di- 
connection. 


rectly without 
any external 
amplifier. 
Typically, 
the power 
supply 
rejection 
of Vcc 
and Vss to the 


analog 
output 
is greater 
than 
-60dB 
at1 kHz. 
If decoupling 


of the power 
supplies 
is still necessary 
in a system, 
Vcc 
and 
Vss should 
be decoupled 
with 
respect 
to AGND. 


Table 1. 
Fine Gain 
Settings (0 - CO = 0) 
Table 2. 
Coarse Gain 
Settings 
(F3 - FO= 0) 


Ideal Gain (dB) 
Ideal Gain (dB) 
F3 
F2 
Fl 
FO 
ATIEN/GAIN=l 
ATTEN/GAIN=O 
C3 
C2 
Cl 
co 
ATIEN/GAIN = 1 ATTEN/GAIN =0 


0 
0 
0 
0 
0.0 
0.0 
0 
0 
0 
0 
0.0 
0.0 


0 
0 
0 
1 
-0.1 
0.1 
0 
0 
0 
1 
-1.5 
1.5 


0 
a 
1 
a 
-0.2 
0.2 
a 
a 
1 
0 
-3.0 
3.0 
0 
0 
1 
1 
-0.3 
0.3 
0 
0 
1 
1 
-4.5 
4.5 


a 
1 
0 
0 
-0.4 
0.4 
0 
1 
0 
0 
-6.0 
6.0 
0 
1 
0 
1 
-0.5 
0.5 
0 
1 
0 
1 
-7.5 
7.5 


0 
1 
1 
0 
-0.6 
0.6 
0 
1 
1 
0 
-9.0 
9.0 • 


0 
1 
1 
1 
-0.7 
0.7 
0 
1 
1 
1 
-10.5 
10.5 
1 
0 
0 
a 
-0.8 
0.8 
1 
0 
a 
0 
-12.0 
12.0 
1 
0 
a 
1 
-0.9 
0.9 
1 
0 
a 
1 
-13.5 
13.5 


1 
0 
1 
0 
-1.0 
1.0 
1 
0 
1 
0 
-15.0 
15.0 


1 
0 
1 
1 
-1.1 
1.1 
1 
0 
1 
1 
-16.5 
16.5 


1 
1 
0 
0 
-1.2 
1.2 
1 
1 
0 
0 
-18.0 
18.0 
1 
1 
0 
1 
-1.3 
1.3 
1 
1 
0 
1 
-19.5 
19.5 


1 
1 
1 
0 
-1.4 
1.4 
1 
1 
1 
0 
-21.0 
21.0 
1 
1 
1 
1 
-1.5 
1.5 
1 
1 
1 
1 
-22.5 
22.5 


2.0 
DIGITAL INTERFACE 


The architecture 
of the digital 
section 
is shown 
in the preced- 
ing block 
diagram. 


The structu re of the data registers or latches 
is shown 
in Fig- 


ures 10 and 11for the ML2008 
and ML2009, 
respectively. 
The 
registers control 
the attenuation/gain 
setting 
bits and with 
the 
ML2008 
the power 
down 
bit. 


Tables 1 and 2 describe 
how 
the data word 
programs 
the gain. 


The difference 
between 
the ML2008 
and ML2009 
is in the 
register 
structure. 
The ML2008 
is a 8-bit data bus version. 
This 
device 
has one 8-bit 
register 
and one 2-bit 
register to store the 
9 gain setting 
bits and 1 powerdown 
bit. Two write 
operations 


are necessary 
to program 
the full 10 data bits from 
eight exter- 
nal data pins. The address 
pin AO controls 
which 
register 
is 
being written 
into. The powerdown 
bit, PDN, 
causes the 
device 
to be placed 
in powerdown. 
When 
PDN ~ 0, the de- 


vice is powered 
down. 
In this state, the power 
consumption 


is reduced 
by removing 
power 
from 
the analog 
section 
and 


forcing 
the analog 
output, 
VOUT, to a high impedance 
state. 


While 
the device 
is in powerdown, 
the digital 
section 
is still 
functional 
and the current 
data word 
remains 
stored 
in the 


registers. 
When 
PDN =0, 
device 
is in normal 
operation. 


The ML2009 
is a 9-bit data bus version. 
This device 
has one 


9-bit 
register to store the 9 gain setting 
bits. The full 9 data bits 


can be programmed 
with 
one write 
operation 
from 
nine 
external 
data pins. 


The internal 
registers or latches are edge triggered. 
The data is 


transferred 
from 
the external 
pins to the register output 
on 


the rising edge of WR. The address 
pin, AO, controls 
which 


register the data will 
be written 
into as shown 
in Figures 1 and 


2. The CS control 
signal selects the device 
by allowing 
the 


WR sig~o 
latch 
in the data only 
when 
CS is low. When 
CS 


is high, WR is inhibited 
from 
latching 
in new data into the 


registers. 
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Ml2233 
12-BI1 
+ SIGN 
AID 


lr~Micro Linear 


PACKAGE 


HERMETIC DIP (J18) 
MOLDED 
DIP (P18) 
MOLDED 
PCC (020) 
MOLDED 
DIP (P18) 
MOLDED 
PCC (020) 
HERMETIC DIP (J18) 
MOLDED 
DIP (P18) 
MOLDED 
PCC (020) 
MOLDED 
DIP (P18) 
MOLDED 
PCC (020) 


II 
PART NUMBER 


ML20081J 
ML20081P 
ML200810 
ML2008CP 
ML2008CO 
ML20091] 
ML20091P 
ML200910 
ML2009CP 
ML2009CO 


TEMP. RANGE 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 


G~Micro Linear 


-J> Micro Linear 
ML2020 


Telephone Line Equalizer 


The ML2020 isa monolithic analog line equalizer for 
telephone applications. The ML2020 consists of a switched 
capacitor filter that realizes a family of frequency response 
curves optimized for telephone line equalization. 


The ML2020 consists of a continuous anti-aliasing filter, a 
60Hz rejection highpass filter section, three programmable 
switched capacitor equalization filters, an output smoothing 
filter, a 600Q driver, and a digital section for the serial 
interface. 


The equalization filters adjust the slope, height, and band- 
width of the frequency response. The desired frequency 
response is programmed by a digital 14-bit serial input data 
stream. 


The ML2020 is implemented in a double polysilicon CMOS 
technology. 


• Slope, height, and bandwidth 
adjustable 


• 60 Hz rejection filter 
• On chip anti-alias filter 
• Bypass mode 
• Low supply current 
6 mA typical from ± 5 V supplies 


• nLlCMOS 
compatible 
interface 


• Double 
buffered data latch 
• Selectable master clock 
1.544 or 1.536MHz 


• Synchronous 
or asynchronous 
data.loading 
capability 


• Compatible 
with ML2003 
and ML200410garithmic 


gain I attenuator 
• Standard 16-pin 0.3" center molded 
or hermetic 
dip 
and 18-pin SOIC 
.O°C 
to +70°C and -40°C 
to +85°C operating 


temperature 
range 


vcc 
ACND 
Vss 


? 
? 
? 


M12020 
16-PIN DIP 


M12020 
18-PIN sole 


CLKSEL 
SID 
NC 


IATO 
SCK 
NC 


SOD 
CLK 
CND 


Vcc 


PON 
Your 
ACND 
NC 
V,N 
NC 
Vss 
LAT! 
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NAME 


ClKSEl 
Clock select input. This pin selects 
the frequency of the ClK input. If 
(lK 
is 1.536MHz, set ClKSEl~ 
1. 
If ClK is 1.544MHz, set 
ClKSEl=O. 
Pin hasan internal 


pullup resistor to Vcc- 


Serial input data. Digital input that 
contains serial data word which 
controls the filter frequency re- 
sponse setting. 


Output latch clock. Digital input 
which loads the data word back 
into the shift register from the 
latch. 


Shift clock. Digital input which 
shifts the serial data on 51D into the 
shift register on rising edges and 
out onto SOD on falling edges. 


Serial output data. Digital output 
of the shift register. 


Master clock input. Digital input 
which generates clocks for the 
switched capacitor filters. Fre- 
quency can be either 1.544MHz 
or 1.536MHz. 


NAME 


GND 


Vss 
V1N 
AGND 


FUNCTION 


Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 
Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 


Negative supply. - 5volts ± 10%. 


Analog input. 


Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 


Analog output. 


Powerdown input. When PDN=l, 
device is in powerdown mode. 
When PDN~ 0, device is in normal 
operation. This pin hasan internal 
pulldown resistor to GND. 


Positive supply. 5volts ± 10% 


II 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage 
Vcc 
+6.5V 


Vss 
- 6.5 V 


AGNDwith RespecttoGND 
±0.5V 


Analog Input andOutput 
Vss -0.3VtoVcc 
+O.3V 
DigitalInput andOutputs 
GND -0.3VtoVcc 
+0.3V 
InputCurrent PerPin 
±25mA 


PowerDissipation 
750mW 


StorageTemperatureRange 
- 65°Cto +150°C 
LeadTemperature(Soldering10sec.) 
300°C 


TemperatureRange(Note2) 
ML2020Cp,ML2020CS 
O°Cto +70°C 


ML20201j 
' -40°Cto 
+85°C 


SupplyVoltage 
Vcc 
Vss 
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ML2020 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA= TM1N to TMAX, Vcc=SV±10%, 
Vss= -SV±10%, 
Data Word: BP=l, Other Bits=O, CL =loopF, 
RL- 6OOQ,dBm measurements use 600Q as reference load, V1N - 
- 7dBm, 1kHz sinusoid CLK- l.S44MHz 
± 300 Hz and digi- 


tal ti me measured at 1.4V 


SYMBOL 


ANALOG 


SR 
Response, Slope Section 
4 
1kHz response 


NUL 
S3 
S2 
Sl 
SO 
-- 
- 
- 
- 
- 
a 
a 
a 
a 
1 
1.4±0.1 
dB 


a 
a 
a 
1 
a 
2.6±0.2 
dB 


a 
a 
1 
a 
a 
4.7 ±0.2 
dB 


a 
1 
a 
a 
a 
7.8 ±0.2 
dB 


a 
1 
1 
1 
1 
11.4±0.25 
dB 


1 
a 
a 
a 
a 
0±0.1 
dB 


1 
a 
a 
a 
1 
0.4±0.1 
dB 


1 
a 
a 
1 
a 
0.9 ±0.2 
dB 


1 
a 
1 
a 
a 
1.8±0.2 
dB 


1 
1 
a 
a 
a 
3.7 ±0.2 
dB 


1 
1 
1 
1 
1 
6.6 ±0.25 
dB 


Referenced to 
a 
a 
a 
a 
a 


HR 
Response, Height Section 
4 
3250 Hz resp0'li.e referenced to 1kHz 
response with BP-l, 
other bits=O 
NUL 
H3 
H2 
H1 
HO 
-- 
- 
- 
- 
- 
a 
a 
a 
a 
a 
0±0.1 
dB 


a 
a 
a 
a 
1 
0.6 ±0.2 
dB 


a 
a 
a 
1 
a 
1.2±0.2 
dB 


a 
a 
1 
a 
a 
2.4±0.2 
dB 


a 
1 
a 
a 
a 
5.8±0.3 
dB 


a 
1 
1 
1 
1 
11.2±0.3 
dB 


BR 
Response, Bandwidth 
4 
NUL 
B3 
B2 
B1 
BO H3 
H2 
H1 
HO 
Section (Q) 
-- 
-------- 
a 
a 
a 
a 
a 
1 
1 
1 
1 
16.1±2.0 
, 
a 
a 
a 
a 
1 
1 
1 
1 
1 
14.2±1.5 


a 
a 
a 
1 
a 
1 
1 
1 
1 
12.6±1.5 


a 
a 
1 
a 
a 
1 
1 
1 
1 
9.1±1.0 


a 
1 
a 
a 
a 
1 
1 
1 
1 
3.6±0.5 


a 
1 
1 
1 
1 
1 
1 
1 
1 
1.2 ±0.35 


PK 
BW Peak Frequency 
4 
H3thruHO-1 
3230 
3250 
3270 
Hz 


AG 
Absolute Gain, Flat 
4 
1to 4kHz 
-0.1 
+0.1 
+0.3 
dB 


Response 


AGB 
Absolute Gain, Bypass Mode 
4 
0.3 to 4kHz, 
BP-O 
-0.1 
+0.1 
+0.3 
dB 


ICN 
Idle Channel Noise 
4 
V1N-0 
3 
8 
dBrnc 


V1N = 0, All Data Bits = 1 
9 
dBrnc 
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ELECTRICAL CHARACTERISTICS 
(Continued) 
Unless otherwise 
specified 
TA- TMIN to TMAX, Vcc~SV±10%, 
Vss- 
-SV±10%, 
Data Word: 
BP-1, 
Other 
Bits=O, 
CL -l00pF, 


RL~600Q, 
dBm 
measurements 
use 600Q 
as reference 
load, VIN = -7dBm, 
1kHz sinusoid 
CLK-1.S44MHz 
±300Hz 
and digi- 
tal time 
measured 
at 1.4 V 


SYMBOL 
PARAMETER 


ANALOG 


HD 
Harmonic 
Distortion 
4 
V1N-5dBm,lkHz 
-48 
dB 
Measure 2nd, 3rd, harmonic 
relative to fundamental 


SD 
Signal to Distortion 
4 
V1N- -12dBm, 
1kHz 
+48 
dB 
C msg weighted 


SFN 
Single Frequency Noise 
5 
VIN-O, 
-50 
dBm 


4kHz'; 
frequency'; 
150kHz 


PSRR 
Power Supply Rejection 
4 
2oomVp-p, 1kHz sine, VIN-O 


on Vcc 
-40 
dB 
on Vss 
-40 
dB 


ZIN 
Input Impedance, 
V1N 
4 
100 
kQ 


Vos 
Output Offset Voltage 
4 
VIN=O 
±50 
mV 


V1NR 
Input Voltage Range 
4 
±2.0 
V 


Vosw 
Output 
Voltage Swing 
4 
RL-600Q 
±2.0 
V 


V1L 
Digital Input Low Voltage 
4 
0.8 
V 


V1H 
Digital Input High Voltage 
4 
2.0 
V 


VOL 
Digital Output 
Low Voltage 
4 
IOL-2mA 
0.4 
V 


VOH 
Digital Output 
High Voltage 
4 
IOH= -lmA 
4.0 
V 


'LCLK 
Input Current, CLK SEL 
4 
VIN-O 
5 
100 
!JA 


'LPDN 
Input Current, PDN 
4 
V1N-VCC 
-5 
-100 
!JA 


'L 
Input Current, All Other Inputs 
4 
V1N-0-VCC 
±10 
!JA 


Icc 
Vcc Supply Current 
4 
No output load, V1L-GND, 
10 
mA 


V1H-VCC, VIN-O 


Iss 
Vss Supply Current 
4 
No output load, V1L-GND, 
-10 
mA 
V1H-VCC, VIN-O 


Iccp 
Vcc Supply Current, 
4 
No output load, V1L-GND, 
1.2 
mA 


Powerdown Mode 
V1H-VCC 


'SSP 
Vss Supply Current, 
4 
No output load, V1L-GND, 
-1.2 
mA 
Powerdown Mode 
V1H-VCC 


IJI 


toe 
Clock Duty Cycle 
5 
40 
60 
% 


tSCK 
SCK On / Off Period 
4 
250 
ns 


ts 
SID Data Setup Time 
4 
50 
ns 


tH 
SID Data Hold Time 
4 
50 
ns 


tD 
SOD Data Delay 
4 
0 
125 
ns 


tlPW 
LATI Pulse Width 
4 
50 
ns 


lopw 
LATO Pulse Width 
4 
50 
ns 


tls.los 
LATI, LATO Setup Time 
4 
50 
ns 


tIH,IoH 
LATI, LATO Hold Time 
5 
50 
ns 


tpLD 
SOD Parallel Load Delay 
4 
0 
125 
ns 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified are measured with respect to ground. 


Note 2: O°C to +70°C and -40°C 
to +85°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 
100% testing, sampling, or by correlation 
with worst-case test conditions. 


Note 3: Typicals are parametric norm at 25°C. 


Note 4: 
Parameter guaranteed and 100% production 
tested. 


Note 5: 
Parameter guaranteed. 
Parameters not 100% tested are not in outgoing quality level calculation. 
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Figure 2. Typical Slope Filter Response-NUL 
= 0 


83-80, 
H3-HO ~ססOO,53-SO =ססoo to 1111. 
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Figure 3. Typical Slope Filter Response- 
Nl/ L= 1 


83-80, 
H3-HO 
~ססOO, 53-SO =ססoo 10 1111. 
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Figure 4. Typical Height Filter Response- 
Nl/ L= 0 


83-80, 
53-SO = 0000; 
H3-HO 
= 0000 10 1111. 
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Figure 5. Typical Bandwidth Filter Re5ponse- 
N l/ L= 0 


H3-HO 
= 1111;53-SO =ססoo; 
83-80 
=ססoo to 1111. 
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1.0 
FUNCTIONAL 
DESCRIPTION 


The ML2020 consists of a continuous anti-alias filter, a 60 Hz 
reject high passfilter section, three programmable switched 
capacitor equalization filters, an output smoothing filter, an 
output driver, and a digital section for the serial interface. 


1.1 
Anti-Alias Filter 


The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section isa continuous second 
order lowpass filter with a typical3dB 
frequency at 20kHz 


and 30dB of rejection at 124kHz. 


1.2 
60 Hz Rejection Filter 


The 60 Hz section is a highpass switched capacitor filter de- 
signed to reject DC offsets and low frequency signals present 
on the input. This filter is a first order section with a typical 
3dB frequency at 135Hz. 


1.3 
Equalization 
Filters 
The equalizer filters follow the 60 Hz highpass section. These 
programmable filters implement a family of frequency 
response curves intended to compensate for the response of 
telephone lines. 


This filter is composed of three distinct sections: slope, 
height, and bandwidth. 


1.3.1 
Response of Slope, Height, and Bandwidth 


The family of response curves generated by the slope section 
are shown in Figures2 and 3. There are 4 slope select bits, 53- 
50. These bits alter the s'!opeof the highpassresponse under 
1000Hz, and as a result, the absolute gain above 1000Hz will 
be unique for each setting. Table 1gives typical 1kHz gain 
values for all slope settings. 


Table 1. 
Typ. 1kHz Gain for Slope Settings 


Slope 
Rei1kHz Gain (dB) 


setting 
NLlL= 1 
NLlL=O 


0 
0.0 
Rei 


1 
0.4 
1.4 


2 
0.9 
2.6 
3 
1.4 
3.7 


4 
1.8 
4.7 


5 
2.3 
5.5 


6 
2.8 
6.3 
7 
3.4 
7.2 


8 
3.7 
7.8 


9 
4.2 
8.4 


10 
4.6 
9.0 


11 
5.0 
9.5 


12 
5.4 
10.0 


13 
5.8 
10.5 


14 
6.2 
11.0 


15 
6.6 
11.4 


There is an additional bit, NUL, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NUL~O. 
These same response curves are 


shown in Figure 3 with NUL~ 
1. Notice thatthe NUL bit 


adds more droop in the highpass response below 2500 Hz. 


The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-HO. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1kHz gain values for all height and bandwidth settings. 


Table 2. 
Typ. 1kHz Gain for HT and OW Settings 


Relative1kHzGain(dB) 


HTSetting 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 12 13 14 15 


0 
Rei 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 


O<l 
.56 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.1 0.1 
jb 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 


~8 
0 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0,1 0.1 0.2 0.2 0.3 0.3 0.4 


9 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 


10 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 


11 
0 
0 
0 
0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.1 


12 
0 
0 
0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 


13 
0 
0 
0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.6 1.9 2.3 


14 
0 
0 
0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 


15 
0 
0 
0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 


Slope Bils~O 


The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-BO.This section causesthe response of the 3250 Hz 
peak to be widened, and asa result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 


1.3.2 
Transfer Function 
The transfer function for the ML2020 is shown below. This 
transfer function is valid for magnitude response only. The 
actual magnitude response from an individual device may 
deviate from the computed response from the transfer func- 
tion by typically 0-0.2 dB. 


H (s) _ ~ 
x C (5 + b) X [52 + h (wo/Q) 
5 + wo2] 
x [sin (nf/fc)] 


s + a 
b (5 + c) 
~2 
+ (wo/Q) 
s + wo2] 
(nf/fc) 


s - 
jX256000xtan 
(nf/128OOO) 


a 
= 848.230 
= 20463.77 
= 128000 


5eeTable3. 
5ee Table 4. 
5eeTabie 5. 


(slope) 
(bandwidth) 
(height) 
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Table 3. 
Slope 
Response 
Factors (b, c) 


b 
b 


S3-0 
NUL=O 
NUL=l 


סס oo 
2.371759E 
+03 
1.116280E +04 


0001 
1.985920E 
+03 
9.345141E+03 


0010 
1.701779E+03 
8.007156E 
+03 


0011 
1.493571E+03 
7 .026999E 
+03 


0100 
1.326721E +03 
6.241681E +03 


0101 
1.196668E +03 
5.629636E 
+03 


0110 
1.087277E 
+03 
5.114881E +03 


0111 
9.983588E+02 
4.696487E 
+03 


1000 
9.179889E+02 
4.318339E 
+03 


1001 
8.537864E 
+02 
4.016273E 
+03 


1010 
7.966049E+02 
3.747249E 
+03 


1011 
7.478074E 
+02 
3.517676E 
+03 


1100 
7.035099E 
+02 
3.309279E 
+03 
1101 
6.651771E +02 
3.128945E 
+03 


1110 
6.299477E 
+02 
2.963214E+03 


1111 
5.990361E+02 
2.817797E 
+03 


c 
c 


S3-o 
NUL=O 
NUL=l 


XXX)( 
2.371759E 
+03 
1.116280E+04 


Table 4. 
Slope 
Response 
Factors (b, c) 


B3-0 
Q 


סס oo 
17.444906 
0001 
15.386148 
0010 
13.652451 
0011 
11.593677 


0100 
9.859960 
0101 
8.017864 
0110 
6.392453 


0111 
5.092080 
1000 
3.9סס OO3 
1001 
3.141338 
1010 
2.599369 
1011 
2.165724 
1100 
1.731965 
1101 
1.406509 


1110 
1.352248 


1111 
1.297981 


TableS. 
Height 
Response 
Factors (h) 


Code 
h 


סס oo 
1.o00ooo 
0001 
1.071519 


0010 
1.148154 


0011 
1.230269 
0100 
1.318257 
0101 
1.445438 
0110 
1.603245 


0111 
1.757924 


1000 
1.949845 
1001 
2.137962 
1010 
2.317395 
1011 
2.540973 
1100 
2.786121 
1101 
3.019951 


1110 
3.311311 
1111 
3.672823 


1.4 
Smoothing 
Filter 


The equalizer 
filters are followed 
by a continuous 
second 
order 
smoothing 
filter that removes 
the high frequency 
sam- 
ple information 
generated 
by the action 
of the switched 
ca- 


pacitor 
filters. 
This filter 
provides 
a continuous 
analog 
signal 


at the output, 
VOUT . 


1.5 
Output 
Buffer 


The final stage in the Ml2020 
is the output 
buffer. 
This ampli- 
fier has internal 
gain of 1 and is capable 
of driving 
600Q, 


l00pF 
loads. Thus, 
it is suitable 
for driving 
telephone 
hybrids 


directly 
without 
any external 
amplifier. 


1.6 
Bypass Mode 


The.illter 
sections 
can be bypassed 
by setting 
the bypass data 
bit, Bp, to O. 5ince 
the switched 
capacitor 
filters 
are bypassed 


in this mode, 
frequency 
response 
effects 
of the switched 
capacitor 
filters 
are eliminated. 
Thus, 
this mode 
offers very 


flat response 
and low noise over the 300-4000 
Hz frequency 


range. 


1.7 
Filter Clock 


The master 
clock, 
ClK, 
is used to generate 
the internal 
clocks 
for the switched 
capacitor 
filters. 
The frequency 
of ClK 
can 


be either 
1.544MHz 
or 1.536MHz. 
However, 
the internal 
clock 
frequency 
must be kept at 1.536MHz 
to guarantee 
accurate 
frequency 
response. 
The ClKSEl 
pin enables 
a bit 
swallower 
circuit 
to keep the internal 
clock 
frequency 
set to 


1.536MHz. 
When 
1.544MHz 
clock 
is used, ClKSEl 
should 
be set to logic 
level 0, and one bit out of every 
193 bits is 
removed 
(swallowed) 
to reduce 
the internal 
frequency 
to 


1.536MHz. 
When 
1.536MHz 
clock 
is used, ClKSEl 
should 


be set to logic 
levell, 
and the internal 
clock 
rate is the same 
as the external 
clock 
rate. 


III 


1.8 
Seriallnterface 


The architecture 
of the digital 
section 
is shown 
in the preced- 


ing block 
diagram. 


A timing 
diagram 
for the serial interface 
is shown 
in Figure 6. 


The serial input 
data, SID, is loaded 
into a shift register 
on 


rising edges of the shift clock, 
SCK. The data word 
is parallel 


loaded 
into a latch when 
the input 
latch signal, 
LATI, is high. 


The LATI pulse 
must occur 
when 
SCK is low. A new data 
word 
can be loaded 
into the shift register without 
disturbing 


the existing 
data word 
in the latch. 


The parallel 
outputs 
of the latch control 
the filter 
response 
curves. 
The order 
of the data word 
bits in the latch 
is shown 


in Figure 7. 


Note 
that bit 0 is the first bit of the data word 
clocked 
into the 
shift register. 


The device 
has the capability 
to read out the data word 
stored 
in the latch. 
This is done 
by parallel 
loading 
the data 
from 
the latch 
back into the shift register 
when 
the latch 
sig- 


nal, LATa, 
is high. The lATa 
pulse 
must occur 
when 
SCK is 


low. Then, 
the data word 
can be shifted 
out of the register 


serially 
to the output, 
SOD, 
on falling 
edges of the shift clock, 


SCK. 


The loading 
and reading 
of the data word 
can be done 
con- 


tinuously 
or in bursts. Since the shift register 
and latch 
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circuitry inside the device isstatic, there are no minimum 
frequency requirements on the clocks or data pulses. How- 
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 


The clocks used to shift and latch data (SCK,LATI, LATO)are 
not related internally to the master clock and can occur asyn- 
chronous to CLK. 


~T1 
n 
---------- 
-- 


LATO 
n 
_ 


h) 
READ 


Figure 6. 
Serial Timing 


A powerdown mode can be selected with pin PoN. When 


PON ~ 1,the device is powered down. In this state, the power 
consumption 
is reduced by removing power from the analog 


section and forcing the analog output, VOUT, to a high impe- 
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, CLK, can be 
left active or removed during powerdown mode. When 
PON ~O, the device is in normal operation. 


The digital section inside the device is powered between Vcc 
and GND, or 5volts. The analog section is powered between 
Vcc and Vss, or ±Svolts. The analog section usesAGND as 
the reference point. 


GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analdg 
section. Typically this is lessthan lOOI-/V. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 


The power supply rejection of Vcc and Vss to the analog 
output is greater than - 60dB at 1kHz, typically. If decou- 
piing of the power supplies is still necessary in a system, Vcc 
and Vss should be decoupled with respect to AGND. 
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Figure 9. Controlling 
Multiple M12020 and M12004 With Only 3 Digital lines 


Using One Long Data Word 
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PART NUMBER 


ML2020CP 
ML2020CS 
ML2020lJ 
ML2020lP 
ML2020lS 


TEMP. 
RANGE 


O°C to +70°C 
O°C to +70°C 


-4Q°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


PACKAGE 


MOLDED 
DIP (P16) 


MOLDED SOIC (S18W) 
HERMETIC DIP U16) 
MOLDED 
DIP (P16) 


MOLDED SOIC (S18W) 


.~ 
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'Micro 
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ML2021 


Telephone Line Equalizer 


The ML2021 is a monolithic 
analog line equalizer for 


telephone 
applications. The ML2021 consists of a 


switched capacitor filter that realizes a family of 
frequency 
response curves optimized 
for telephone 


line amplitude 
equalization while minimizing 
group 


delay. This ML2021 is the same function 
as the ML2020 


telephone 
equalizer without 
the 60Hz rejection 
filter. 


The ML2021 consists of a continuous 
anti-aliasing filter, 
three programmable 
switched capacitor equalization 


filters, an output 
smoothing 
filter, a 6000 driver, and a 


digital section for the serial interface. 


The equalization 
filters adjust the slope, height, and 


band-width 
of the frequency 
response. The desired 


frequency 
response is programmed 
by a digital 14-bit 


serial input data stream. 


The ML2021 is implemented 
in a double 
polysilicon 


CMOS technology. 


• Slope, height, and bandwidth 
adjustable 


• Optimized 
group 
delays (500 Hz to 6.4 kHz) 


• On chip anti-alias filter 
• Bypass mode 
• Low supply current 
6mA typical from 
±5V supplies 


• TTLICMOS 
compatible 
interface 


• Double 
buffered 
data latch 
• Selectable master clock 
1.544 or 1.536 MHz 


• Synchronous 
or asynchronous 
data loading 
capability 


• Compatible 
with ML2003 and ML2004 logarithmic 
gain/attenuator 
• Standard 16-pin 0.3" center 
molded 
or hermetic 


DIP and 18-pin SOIC 


• O°C to +70°C and -40°C to +85°C operating 


temperature 
range 
• 


Vcc 
AGND 
Vss 
I I I 


ML2021 
16-pin 
DIP 


V,N 


NC 
Vss 


LATI 


TOP VIEW 


ML2021 


18-pin 
sOle 


ClKSEL 
Vcc 


SID 
PON 
NC 
VOUT 
LATO 
AGND 


SCK 
NC 
SOD 
NC 
V,N 


SOD 
NC 
ClK 
Vss 


GND 
LAT! 
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NAME 


ClKSEl 
Clock select input. This pin selects 
the frequency of the ClK input. If 
ClK is l.S36MHz, 
set ClKSEl-l. 


If ClK is l.S44MHz, 
set 


ClKSEl - O.Pin hasan internal 
pullup resistor to Vcc. 


Serial input data. Digital input that 
contains serial data word which 
controls the filter frequency re- 
sponse setting. 


Output latch clock. Digital input 
which loads the data word back 
into the shift register from the 
latch. 


Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 


Serial output data. Digital output 
of the shift register. 


Master clock input. Digital input 
which generates clocks for the 
switched capacitor filters. Fre- 
quency can be either l.S44MHz 
or 1.S36MHz. 


NAME 


GND 


V55 
V1N 


AGND 


FUNCTION 


Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 
Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 


Negative supply. - 5volts ±10%. 


Analog input. 


Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 


Analog output. 


Powerdown input. When PDN~ 1, 
device is in powerdown mode. 
When PDN= 0, device is in normal 
operation. This pin hasan internal 
pulldown resistor to GND. 


Positivesupply. Svolts ±10% 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


SupplyVoltage 
Vcc 
. . . . . . .. . 
+6.5V 


Vss 
-6.5V 
AGNDwith RespecttoGND 
±0.5V 
AnalogInput andOutput 
Vss-O.3V to Vcc +O.3V 


Digital Input andOutputs 
GND -0.3V to Vcc +0.3V 


Input CurrentPerPin 
± 25mA 
PowerDissipation ... 
. . . . . . . . . .. . . 
750mW 


StorageTemperatureRange 
- 65°C to +150°C 
LeadTemperature(Soldering10sec.) 
300°C 


TemperatureRange(Note2) 


ML2021Cp,ML2021CS 
..... 
O°Cto +70°C 


ML20211j 
-40°Cto+85°C 


SupplyVoltage 


Vcc 
4Vt06V 


Vss 
-4Vto 
-6V 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise 
specified 
TA ~ TMIN to TMAX, Vcc-SV 
± 10%, VSS~- SV ± 10%, Data Word: 
BP~ 1, Other 
Bits-o, 
CL -loopF, 


RL~ 6ooQ, 
dBm 
measurements 
use 600Q 
as reference 
load, VIN ~ - 7 dBm, 
1kHz 
sinusoid 
ClK ~ 1.S44MHz 
± 300 Hz and digi- 


tal time 
measured 
at 1.4 V 


SYMBOL 


ANALOG 


SR 
Response, Slope Section 
4 
1kHz response 
NUL 
53 
52 
51 
SO 
-- 
- 
- 
- 
- 


0 
0 
0 
0 
1 
1.4±0.1 
dB 


0 
0 
0 
1 
0 
2.6±0.2 
dB 


0 
0 
1 
0 
0 
4.7 ±0.2 
dB 


0 
1 
0 
0 
0 
7.8±0.2 
dB 
0 
1 
1 
1 
1 
11.4±0.25 
dB 
1 
0 
0 
0 
0 
0±0.1 
dB 


1 
0 
0 
0 
1 
0.4 ±0.1 
dB 


1 
0 
0 
1 
0 
0.9±0.2 
dB 


1 
0 
1 
0 
0 
1.8±0.2 
dB 
1 
1 
0 
0 
0 
3.7 ±0.2 
dB 


1 
1 
1 
1 
1 
6.6 ±0.25 
dB 


Referenced to 


0 
0 
0 
0 
0 


HR 
Response, Height Section 
4 
3250 Hz respo!Ji.e referenced to 1kHz 
response with BP-1, other bits-O 
NUL 
H3 
H2 
H1 
HO 
-- 
- 
- 
- 
- 


0 
0 
0 
0 
0 
o ± 0.15 
dB 
0 
0 
0 
0 
1 
0.5 ± 0.2 
dB 
0 
0 
0 
1 
0 
1.1 ± 0.2 
dB 
0 
0 
1 
0 
0 
2.3 ± 0.2 
dB 


0 
1 
0 
0 
0 
5.7 ± 0.3 
dB 
0 
1 
1 
1 
1 
11.1 ± 0.3 
dB 


BR 
Response, Bandwidth 
4 
NUL 
B3 
B2 
B1 
BO H3 
H2 
H1 
HO 
Section (0) 
-- 
-------- 
0 
0 
0 
0 
0 
1 
1 
1 
1 
16.1±2.0 


0 
0 
0 
0 
1 
1 
1 
1 
1 
14.2 ±1.5 


0 
0 
0 
1 
0 
1 
1 
1 
1 
12.6±1.5 
0 
0 
1 
0 
0 
1 
1 
1 
1 
9.1±1.0 


0 
1 
0 
0 
0 
1 
1 
1 
1 
3.6 ±0.5 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1.2 ±0.35 


PK 
BW Peak Frequency 
4 
H3thru 
HO-1 
3230 
3250 
3270 
Hz 


AG 
Absolute Gain, Flat 
4 
.5 to 4kHz 
-0.1 
+0.1 
+0.3 
dB 


Response 


AGB 
Absolute Gain, Bypass Mode 
4 
0.3 to 4kHz, 
BP-O 
-0.1 
+0.1 
+0.3 
dB 


ICN 
Idle Channel Noise 
4 
V1N-0 
3 
8 
dBrnc 


V1N-0, 
all data bits = 1 
9 
dBrnc 
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U~~s~th;~;;~sp-;cifi~d-;-;:'T~l~ 
t~T~-;X~V~c:5V-±10%,v;s= 
-SV±10%, 
Data Word: BP=l, Other Bits=O, CL=l00pF, 


Rl = 6ooQ, 
dBm 
measurements 
use 600Q 
as reference 
load, VIN ~ - 7 dBm, 
1kHz sinusoid 
CLK~ 
1.544MHz 
± 300Hz 
and digi- 
tal time 
measured 
at 1.4 V 


SYMBOL 
PARAMETER 


ANALOG 


HD 
Harmonic 
Distortion 
4 
VIN~5dBm, 
1kHz 
-48 
dB 


Measure 2nd, 3rd, harmonic 
relative to fundamental 


SD 
Signal to Distortion 
4 
V1N- -12dBm, 
1kHz 
+48 
dB 
C msg weighted 


SFN 
Single Frequency Noise 
5 
VIN-O, 
-50 
dBm 


4 kHz'; 
frequency'; 
150kHz 


PSRR 
Power Supply Rejection 
4 
2oomVp-p, 1kHz sine, V1N~O 


on Vcc 
-40 
dB 
on Vss 
-40 
dB 


ZIN 
Input Impedance, 
V1N 
4 
100 
kQ 


Vos 
Output 
Offset Voltage 
4 
VIN-O 
, 
±50 
mV 


V1NR 
Input Voltage Range 
4 
±2.0 
V 


Vosw 
Output 
Voltage Swing 
4 
RL-600Q 
±2.0 
V 


V1L 
Digital Input low Voltage 
4 
. 
0.8 
V 


V1H 
Digital Input High Voltage 
4 
2.0 
V 


VOl 
Digital Output 
Low Voltage 
4 
10l =2mA 
0.4 
V 


VOH 
Digital Output 
High Voltage 
4 
IOH--1mA 
4.0 
V 


ILCLK 
Input Current, ClK SEl 
4 
VIN=O 
5 
100 
,..A 


ILPDN 
Input Current, PDN 
4 
VIN~VCC 
-5 
-100 
,..A 


IL 
Input Current, All Other Inputs 
4 
V1N = 0 to Vcc 
±10 
,..A 


Icc 
Vcc Supply Current 
4 
No output load, V1L-GND, 
10 
mA 


VIH~VCC, VIN~O 


Iss 
Vss Supply Current 
4 
No output 
load, V1L- GND, 
-10 
mA 
V1H=VCC' VIN=O 


Iccp 
Vcc Supply Current, 
4 
No output load, V1L~GND, 
1.2 
mA 


Powerdown Mode 
V1H-VCC 


Issp 
Vss Supply Current, 
4 
No output load, V1L-GND, 
-1.2 
mA 


Powerdown Mode 
V1H-VCC 


tDC 
Clock Duty Cycle 
5 
40 
60 
% 


tSCK 
SCK On/Off 
Period 
4 
250 
ns 


ts 
SID Data Setup Time 
4 
50 
ns 


tH 
SID Data Hold Time 
4 
50 
ns 


tD 
SOD Data Delay 
4 
0 
125 
ns 


tlPW 
LATI Pulse Width 
4 
50 
ns 


lopw 
LATa Pulse Width 
4 
50 
ns 


tls,los 
lATI, LATa Setup Time 
4 
50 
ns 


tIH,IoH 
LATI, LATa Hold Time 
5 
50 
ns 


tpLD 
SOD Parallel load Delay 
4 
0 
125 
ns 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: O°C to +70°C and - 40°C to +8SoC operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 


100% testing, sampling, or by correlation 
with worst-<:ase test conditions. 


Note 3: Typicals are parametric norm at 25°C. 


Note 4: Parameter guaranteed and 100% production 
tested. 


Note 5: 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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Figure 2. 
Typical Slope Filter Re5pon5e- 
Nl/ L= 0 


83-80, 
H3-HO =ססOO, 53-SO =ססoo to 1111. 
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Figure 3. 
Typical Slope Filter Response - 
Nl/ l = 1 


83-80, 
H3-HO ~ססOO, S3-SO ~ססoo to 1111. 
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83-80, 
S3-SO =ססoo; H3-HO =ססoo to 1111. 


1200 


~ 1000 
:;; 
800 


••• 
'0 
I 
600 
~ 
400 
~.. 
200 
:J0 
co 
\.l 


0000 
0001 


UOl0 


0100 


I 


1000 


1111 


"".'- 
~ 


-200 
o 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 


FREQUENCY 
(Hz) 


Figure 5. 
Typical Bandwidth 
Filter Response - 
Nl/ l = 0 


H3-HO = 1111;S3-SO =ססoo; 83-80 =ססoo to 1111. 
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The ML2021 consists of a continuous 
anti-alias filter, 


three 
programmable 
switched 
capacitor 
equalization 


filters, an output 
smoothing 
filter, an output 
driver, and 


a digital section for the serial interface. 


1.1 
ANTI-ALIAS FILTER 


The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3dB frequency at 20 kHz 
and 30dB of rejection at 124kHz. 


1.2 
EQUALIZATION filTERS 


The programmable 
filters implement 
a family of 
frequency 
response curves intended 
to compensate 
for 


the response of telephone 
lines. 


This filter is composed of three distinct sections: slope, 
height, and bandwidth. 


1.2.1 
RESPONSEOF SLOPE, HEIGHT, AND 
BANDWIDTH 


The family of response curves generated by the slope section 
are shown in Figures2 and 3. There are 4 slope select bits, 53- 
SO.These bits alterthe slope of the high passresponse under 
1000Hz, and asa result, the absolute gain above 1000Hz will 
be unique for each setting. Table 1gives typical 1kHz gain 
values for all slope settings. 


Table 1. 
Typo1kHz Gain for Slope Settings 


Slope 
Rei 1kHz Gain 
(dB) 


Setting 
NLlL=1 
NLlL=O 


0 
0.0 
Rei 


1 
0.4 
1.4 


2 
0.9 
2.6 
3 
1.4 
3.7 


4 
1.8 
4.7 


5 
2.3 
5.5 


6 
2.8 
6.3 


7 
3.4 
7.2 


8 
3.7 
7.8 
9 
4.2 
8.4 


10 
4.6 
9.0 
11 
5.0 
9.5 


12 
5.4 
10.0 
13 
5.8 
10.5 


14 
6.2 
11.0 


15 
6.6 
11.4 


There is an additional bit, NUL, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NUL-O. 
These same response curves are 
shown in Figure 3 with NUL-1. 
Notice that the NUL bit 
adds more droop in the highpass response below 2500 Hz. 


The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-HO. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1kHz gain values for all height and bandwidth settings. 


Table 2. 
Typo1kHz Gain for HT and BW Settings 


Relative1kHzGain(dB) 


HTSetting 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


0 
Rei 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 


5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 
000 
.56 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.1 0.1 


~7 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 


~8 
0 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 


9 
0 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 


10 
0 
0 
0 
0 
0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 


11 
0 
0 
0 
0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 
1.1 


12 
0 
0 
0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 


13 
0 
0 
0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 
1.1 1.4 1.6 1.9 2.3 


14 
0 
0 
0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 


15 
a 
0 
0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.9 
1.1 1.3 1.6 1.8 2.1 2.5 • 


Slope Bits - 0 


The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-BO.This section causesthe response of the 3250 Hz 
peak to be widened, and asa result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 


1.202 
TRANSFERFUNGION 
The transfer function 
for the ML2021 is shown 
below. 


This transfer function 
is valid for magnitude 
response 
only. The actual magnitude 
response from 
an individual 
device 
may deviate from the computed 
response from 


the transfer function 
by typically 
O-O.2dB. 


H (s) _ 
c_(_s_+_bl x _[s_2_+_h_(_wo_I_Q_ls_+ _w_o2_Jx 
_[s_in_(_nf_1 
f_cl_J 


b (s + cl 
~2 
+ (wo/Q) 
s + wo2J 
(nf/fc) 


s 
= jx256000xtan 
(nf/128ooo) 


Wo 
- 
20463.77 
fc 
- 
128000 


b,c 
SeeTable 3. 


Q 
SeeTable 4. 


h 
SeeTable 5. 


(slope) 
(bandwidth) 
(height) 
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53-0 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 


b 
NLlL=O 


2.371759E+03 
1.985920E+03 
1.701779E+03 
1.493571E+03 
1.326721E+03 
1.196668E+03 
1.087277E+03 
9.983588E+02 
9.179889E+02 
8.537864E +02 
7.966049E+02 
7.478074E+02 
7.035099E +02 
6.651771E+02 
6.299477E +02 
5.990361E+02 


o 
NLlL=l 


1.116280E+04 
9.345141E+03 
8.007156E+03 
7.026999E+03 
6.241681E+03 
5.629636E +03 
5.114881E+03 
4.696487E +03 
4.318339E+03 
4.016273E+03 
3.747249E+03 
3.517676E+03 
3.309279E +03 
3.128945E+03 
2.963214E+03 
2.817797E+03 


53-0 


XXXX 


c 
NLlL=O 


2.371759E+03 


c 
NLlL=l 


1.116280E+04 


Table4. 
B3-0 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 


Slope Response Factors (b, c) 
Q 


17.444906 
15.386148 
13.652451 
11.593677 
9.859960 
8.017864 
6.392453 
5.092080 
3.9סס OO3 
3.141338 
2.599369 
2.165724 
1.731965 
1.406509 
1.352248 
1.297981 


TableS. 
Code 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 


Height 
Response Factors (h) 


h 


1.o00ooo 
1.071519 
1.148154 
1.230269 
1.318257 
1.445438 
1.603245 
1.757924 
1.949845 
2.137962 
2.317395 
2.540973 
2.786121 
3.019951 
3.311311 
3.672823 


I ne 
Olrrerence 
uelW~11 
lilt:: 
IV\L","VLV 
ailU 
IVlL."V"-' 
I.;J ••••••.. 


elimination 
of a 60Hz high pass filter 
in order to 
eliminate 
positive group 
delay at low frequency. 


The group 
delay through 
the ML2021 can be minimized 
such that less than SOps of group 
delay can be 
achieved 
in both unloaded 
and cable loaded conditions 


relative to 1804Hz in the frequency 
range of 504 to 
3004Hz. Minimum 
group 
delays are dependent 
upon 
using the proper 
setting for slope, height, and 


bandwidth 
for a give equalization 
requirement. 


1.3 
SMOOTHING 
FIITER 
The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam- 
ple information generated by the action of the switched ca- 
pacitor filters. This filter provides a continuous analog signal 
at the output, VOUT . 


1.4 
OUTPUT 
BUFFER 
The final stage in the Ml2020 
is the output buffer. This ampli- 
fier has internal gain of 1and is capable of driving 6ooQ, 
l00pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 


1.S 
BYPASSMODE 
The.lliter sections can be bypassed by setting the bypass data 
bit, Bp,to O.Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 


1.6 
FILTERClOCK 
The master clock, ClK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of ClK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The ClKsEl 
pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, ClKsEL should 
be setto logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, ClKsEl 
should 
be set to logic levell, and the internal clock rate is the same 
asthe external clock rate. 


1.7 
SERIAL INTERFACE 
The architecture of the digital section is shown in the preced- 
ing block diagram. 


A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, sCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The lATI pulse must occur when sCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 


The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 
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Note that bit 0 isthe first bit of the data word clocked into the 
shift register. 


The device 
hasthe capability to read out the data word 


stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig- 
nal, LATa, is high. The LATa pulse must occur when sCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
sCK. 


The loading and reading of the data word can be done con- 
tinuously or in bursts. Since the shift register and latch 


ML2021 


circuitry inside the device 
is static, there are no minimum 
frequency requirements on the clocks or data pulses. How- 
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 


The clocks used to shift and latch data (sCK, LATI, LATa) are 
not related internally to the master clock and can occur asyn- 
chronous to CLK. 


~Tl 
n 
----------------------------------- 
~----- 


III 


~TO 
n 
----_... '------------------------------------ 


b) 
READ 


Figure 6. 
Serial Timing 
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1.8 
POWERDOWN 
MODE 


A powerdown m~de can be selected with pin PON. When 
PON = 1,the device is powered down. In this state, the power 
consumption 
is reduced by removing power from the analog 
section and forcing the analog output, VOUT, to a high impe- 
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, elK, can be 
left active or removed during powerdown mode. When 
PON = 0, the device is in normal operation. 


1.9 
POWER SUPPLIES 


The digital section inside the device is powered between Vcc 
and GND, or 5volts. The analog section is powered between 
Vcc and Vss, or ±5volts. The analog section usesAGND as 
the reference point. 


GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is lessthan 100",V. However, AGND 
and GND should be tied together physically nearthe device 
and close to the common power supply ground connection. 


The power supply rejection of Vcc and Vss to the analog 
output is greater than - 60dB at 1kHz, typically. If decou- 
piing of the power supplies is still necessary in a system, Vcc 
and Vss should be decoupled with respect to AGND. 


Figure 9. Controlling 
Multiple Ml2021 
and Ml2004 
With Only 3 Digital lines 
Using One 
long 
Data Word 
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PACKAGE 


MOLDED 
DIP (P16) 
MOLDED 
SOIC (S18W) 


~. 
HERMETIC DIP (J16) 
MOLDED 
DIP (P16) 
MOLDED SOIC (S18W) 


PART NUMBER 


ML2021CP 
ML2021CS 
ML20211j 
ML20211P 
ML2021IS 


O°C to +70°C 
O°C to +70°C 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
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• 


ML2031, ML2032 


Tone Detector 


The ML2031 and ML2032 are monolithic 
tone detectors 
intended 
for telecommunication 
applications 
utilizing 
4- 


wire 
loopback 
capability. The device meets or exceeds 


the 4-wire Maintenance 
Terminating 
Unit (MTU) 
requirements 
outlined 
in BELL PUB 43004. 


These devices incorporate a 2713Hz tone detector, clock 
oscillator, and uncommitted 
op amp in an 8-pin DIP. No 


external components are required. 


The ML2031 or ML2032 can be used to detect frequencies of 
1004Hz or 2600 Hz, asthe tone detector frequency template 
from 1000Hz to 4000 Hz is proportional to the frequency of 
the external clock. 


The ML2031 hastwo clock outputs. CLKOUT1isone half the 
frequency of CLKIN, while CLKOUT2 is one eighth of the 
frequency of CLK1N.The ML2032 hasan uncommitted op 
amp instead of the clock outputs. 


The ML2031 and ML2032 are implemented in a double 
polysilicon CMOS technology. 


• Meets or exceeds BELL PUB 43004 requirements 
• Extended dynamic 
range 
detect 
- 34dBm 
to +6dBm 
no detect 
~ -40dBm 
• Frequency 
template 
(felK IN ~ 12M Hz) 


detect 
2713 ± 10Hz 


no detect 
2713 ± 36Hz 


• General 
purpose 
tone 
detect 
range of 1000Hz to 
4000Hz 


• Signal-ta-guard 
ratio 


• No external components 
required 
• Continuous 
anti-alias filter 
• 60 Hz reject filter 
• ±5 V supplies 
• Clock input 
12.352MHz,1.544MHz, 


or a 12.352MHz 
crystal 
• ML2031 has clock outputs of 1.544MHz 
and 
6.176MHz 
• Tone detection 
of 1000 Hz to 4000 Hz proportional 
to external clock 
• ML2032 
has uncommitted 
op amp 
• 8-pin dual-in-line 
package 


BLOCK DIAGRAMS 


ML2031 
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vssD8 
V'N+ 
ClKoUTl 
2 
7 
VCC 


ClKouT2 
3 
6 
GNo 


TOfT 
4 
5 
ClKIN 


VIN+D8 
VOUT 


VIN- 
2 
7 
Vcc 


Vss 
3 
6 
GNo 


TOfT 
4 
5 
ClKIN 


PI N DESCRI PTIONS 
• 
M12031 
M12032 


PIN NO. 
NAME 
FUNCTION 
PIN NO. 
NAME 
FUNCTION 


1 
Vss 
Negative supply. - 5 V ± 10% 
VIN+ 
Positive Analog input. Positive 


2 
CLKoUT1 
Clock output. Digital output from 
input to the uncommitted 
op amp. 


oscillator divided by 2. 
2 
VIN- 
Negative Analog input. Negative 


3 
CLKoUT2 
Clock output. Digital output from 
input to the uncommitted 
op amp. 


oscillator divided by 8. 
3 
Vss 
Negative supply. - 5 V ± 10% 
4 
TDET 
Tone detect output. Digital output 
4 
TDET 
Tone detect output. Digital output 
which indicates when valid 
which indicates when valid 
2713 Hz tone is present on analog 
2713 Hz tone is present on analog 


input. 
input. 


5 
CLK1N 
Clock input. Internal clock can be 
5 
CLK1N 
Clock input. Internal clock can be 
generated by tying a 12.352MHz 
generated by tying a 12.352MHz 
crystal between this pin and GND, 
crystal between this pin and GND, 


or by applying a 12.352 MHz 
or 
or by applyinga 
12.352MHz 
or 


1.544MHz 
clock to this pin. 
1.544MHz 
clock to this pin. 
6 
GND 
Ground. Analog and digital inputs 
6 
GND 
Ground. Analog and digital inputs 
and outputs are referenced to this 
and outputs are referenced to this 
point. 
point. 


7 
Vcc 
Positive supply. +5V ± 10% 
7 
Vcc 
Positive supply. +5 V ± 10% 
8 
VIN+ 
Analog input. 
8 
VOUT 
Analog output. Output of the 
uncommitted 
op amp. 
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Ml2031, Ml2032 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage 


Vcc 
+6.SV 


~.... 
-~V 


Analog Input and Output 
.....••... 
Vss -0.3 V to Vcc +0.3 V 
Digital Input and Outputs 
-0.3V 
to Vcc +0.3 V 
Input Current Per Pin 
.. 
± 25 mA 
Power Dissipation 
750mW 


Storage Temperature Range 
-65° 
C to +150° C 
Lead Temperature (Soldering 10 sec.) 
300° C 


Temperature Range (Note 2) 


ML2031CP, ML2032CP 
ML20311j, ML20321j 


Supply Voltage 
Vcc 
Vss 


ELECTRICAL CHARACTE RISTICS 
Unless otherwise 
specified 
TA~ TMIN to TMAX, Vcc=5V 
±10%, 
Vss- 
-SV±10%, 
CLKIN~12.3S2MHz±1200Hz, 
or 


CLKIN = l.544MHz 
±lS0Hz, 
CL = l00pF, 
dBm 
measurements 
use 600Q 
as reference 
load, 
uncommitted 
op amp 
in unity 
gain 


configuration. 


SYMBOL 


TONE DElEO 


fro 
Tone 
Detedion 
frequency 
4 
V1N = +6dBm 
to -34dBm 
2703 
2723 
Hz 


fTR 
Tone 
Rejection 
Frequency 
4 
2679 
2747 
Hz 


Am 
Tone 
Detection 
Amplitude 
4 
V1N = 2703 Hz to 2723 Hz 
-34 
+6 
dBm 


ATR 
Tone 
Rejection 
Amplitude 
4 
-40 
dBm 


SGM 
Signal to Guard 
Margin 
4 
800 Hz 
8 
13 
dB 


1400 Hz 
8 
13 
dB 
2000 Hz 
8 
13 
dB 


2450 Hz 
8 
13 
dB 


Signal = -13 dBm, 2713 Hz. 
See BELL PUB 43004 sec. 2.4 
for test method 


SFI 
SF Tone Immunity 
5 
V1N + = 2600 Hz 
+6 
dBm 
No tone 
detect 


tTO 
Tone Deted 
Delay 
4 
V1N+ = -8dBm, 
2713 Hz 
0 
10 
30 
ms 


Figure 
1 


tTR 
Tone 
Removal 
Delay 
4 
V1N+ = -8dBm, 
2713 Hz 
0 
4 
30 
ms 


Figure 
1 
, 


V1NR 
Inpui 
Voltage 
Range 
5 
±3 
V 


Vosw 
Output 
Voltage 
Swing 
4 
ML2032 
Only 
±3 
V 


Vos 
Input 
Offset 
Voltage 
4 
ML2032 
Only 
±20 
mV 


ZIN 
Input 
Impedance 
4 
1 
MO 


AVOL 
DC Open 
Loop 
Gain 
4 
1k 
5k 
VIV 


fUG 
Unity 
Gain Frequency 
5 
0.5 
1 
MHz 


ICN 
Noise- 
S 
C msg weighted 
-9 
-3 
dBrnc 


Input 
Referred 
1kHz 
375 
nV/VHZ 
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ELECTRICAL CHARACTERISTICS 
(Continued) 
Unless otherwise 
specified 
TA~ TM1N to TMAx, Vcc-5V±10%, 
Vss- -5V±10%, 
CLKIN-12.352MHz 
±1200Hz, 
or 


CLKIN -1.544MHz 
± 150Hz, CL = 100 pF, dBm 
measurements 
use 600Q as reference 
load, 
uncommitted 
op amp 
in unity 
gain 


configu 
ration. 


SYMBOL 
PARAMETER 


DIGITAL AND 
DC 


V1l 
Input 
Low Voltage, 
CLK1N 
4 
1.5 
V 


V1H 
Input 
High Voltage, 
CLK1N 
4 
3.5 
V 


IIN 
Input 
Current, 
CLK1N 
4 
CLK1N = l.5V to 3.5V 
10 
60 
JiA 


CLK1N = 0 to l.5V; 3.SV to Vcc 
150 
500 
JiA 


C1N 
Input 
Capacitance, 
CLK1N 
5 
11 
pF 


VOL 
Output 
Low Voltage 
4 
IOL = -2mA 
0.4 
V 


VOH 
Output 
High Voltage 
4 
IOH = 2mA 
4.0 
V 


Icc 
Vcc 
Supply 
Current 
4 
No output 
load 
ZS 
mA 


'ss 
Vss Supply 
Current 
4 
No output 
load 
-4.5 
mA 


fClK1 
CLKOUT1 Output 
Frequency 
4 
Figure 
2 
'h 
V, 
fClK1 


fClK2 
CLKOUT2 Output 
Frequency 
4 
Figure 2 
VB 
v. 
fClK1 


t 
' 
R 
CLKOUT1 Output 
Rise Time 
4 
Figure 2, Cl = SOpF 
0 
20 
ns 


t'f 
CLKOUT1 Output 
Fall Time 
4 
Figure 2, Cl = SOpF 
0 
20 
ns 


t2R 
CLKOUT2 Output 
Rise Time 
4 
Figure 2, Cl = SOpF 
0 
20 
ns 


t2f 
CLKOUT2 Output 
Fall Time 
4 
Figure 2, Cl = SOpF 
0 
20 
ns • 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: 
DOC to +7DoC 
and - 40°C to +8SoC operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 


100% testing, sampling, or by correlation 
with worst-case test conditions. 


Note 3: Typicals are parametric norm at 25°C. 


Note 4: 
Parameter guaranteed and 100% production 
tested. 


Note 5: 
Parameter guaranteed. 
Parameters not 100% tested are not in outgoing quality level calculation. 
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1.0 
FUNCTIONAL DESCRIPTION 


The ML2031 has a divide by 2 and divide by 8 clock output to 
drive external devices. The ML2032 has an uncommitted op 
amp. Referto the block diagram. 


1.1 Uncommitted Op Amp 
The ML2032 features an uncommitted 
op amp. The ML2031 


hasthe op amp connected in the unity gain configuration 
(VIN- internally tied to Your). 


The uncommitted 
op amp is a general purpose amplifier that 


can be used to interface the device with the analog tele- 
phone line. It hasa high impedance input, a 0.5MHz 
unity 
gain bandwidth, will drive a 1k, 100pF load, and the input 
and output can swing within 1.5V of the supplies. 


1.2 
Anti-AliasFilter 


The anti-alias filter is a continuous second order low pass 
designed to prevent high frequency signals at the input from 
being aliased into the passband by the sampling action of the 
switched capacitor filters. The typical3dB 
corner frequency 
is 25 kHz and the typical rejection at 124kHz is - 30dB. 


1.3 
60 Hz RejectFilter 


The 60 Hz reject filter is a switched capacitor second order 
high passdesigned to reject 60 Hz line interference on the 
analog input. The typical 3dB corner frequency is 300 Hz 
and the typical rejection at 60 Hz is - 24dB. 


1.4 
Tone Detector 


The tone detector is a monolithic 
block designed to indicate 
when a valid 2713Hz tone is present on the analog input. A 
tone isvalid if the following criteria are met: 


1. 2713 Hz tone satisfiesamplitude vs. frequency tone 
detector template shown in Figure 4. 


2. The non-2713 Hz out of band energy present on the 
input is sufficiently small enough compared to the 
2713Hz tone (signal to guard margin). 


The tone detector consists of 2713Hz bandpass and notch 
filters, tone and guard peak detectors, tone and guard 
comparators, reference, and digital output buffer. 


The analog signal first goes through the 2713Hz bandpass 
and notch switched capacitor filters. The bandpass filter 
outputs any 2713Hz signal (tone), and the notch filter outputs 
any non-2713 Hz signals (guard) in the range of 300-4500 Hz, 
respectively. 
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The tone and guard signalsthen go to peak detectors which 
output a DC voltage proportional to the 2713Hz and non- 
2713Hz energy present on the analog input. 


The tone comparator compares the tone energy to a fixed 
reference value to determine if it meets the amplitude 
requirements for tone detection shown in Figure 4. 


The guard comparator compares the tone energy to the 
guard energy to determine if the signal to guard margin is 
met. 


If both comparators indicate that a 2713Hz tone and no out 
of band energy exists, the TDET output goes high indicating 
valid tone detection. If the signal comparator indicates insuffi- 
cient signal energy or the guard comparator indicates too 
much out of band energy, then the TDET output stays low 
indicating invalid tone output. 


1.5 
CrystalOscillator/Clock Generator 
The crystal oscillator / clock generator generates the necessary 
internal clocks from either an external clock or an external 
crystal. 


If an external clock input is used to drive CLKIN, the input 
frequency can either be 12.352MHz or 1.544MHz in order to 
meet the frequency template. The device has an internal 
frequency sensecircuit that can sensethe difference between 
12.352MHz and 1.544MHz and makes the necessary 
III 


changes in the clock generator to acc;omodate either 
frequency at the input. 


If a crystal is used, a 12.352MHz crystal must be connected 
between CLK1Nand GND. This unique l-pin crystal oscillator 
does not generally require any external capacitors or other 
external components to meet the frequency template. The 
crystal should be physically placed asclose as possible to the 
CLK1Npin to minimize stray inductances and capacitances. 


The crystal must have the following characteristics: 


1. Parallel resonant type 


2. Frequency: 12.352000MHz 


3. Tolerance: ±0.005% 
@25°C 


4. Lessthan 0.005% variation over desired temperature 


range 


5. Maximum equivalent series resistance of 15Q at a drive 


level of 1/1Wto 200/1W 


6. Maximum equivalent series resistance of 30Q at drive 


levels of 10nW to l/1W 


7. Typical load capacitance: 18pF 


8. Maximum case capacitance: 5 pF 


The frequency 
of oscillation will be a function of the crystal 


parameters and board capacitance. If the final oscillation 
frequency is different than the ideal 12.352MHz, the tem- 
plate frequencies will change according to the formulas out- 
lined in section 1.6. If the crystal meets the above 
recommended parameters and typical PC board capacitance 
from CLK1Nto GND is 2 pF,then the device will meet the 
template specifications. Crystals that meet these require- 
ments are M-tron 3709-010 12.352 for O°C to +70°C and 
3709-02012.352 for -40°C 
to +85°C operation. 
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The ML2031 hastwo clock outputs that can be used to drive 
other external devices. The CLKoUT1output isa buffered 
output from the oscillator divided by 2. The CLKoUT2 output 
is a buffered output from the oscillator divided by 8. If a 
12.352MHz clock or crystal is used, CLKouT1 =6.176MHz 
and CLKoUT2 = 1.544MHz. 


1.6 
Detecting Tones from 1000 Hz to 4000 Hz 


The tone detector frequency template shown in Figure 5 is 
proportional to the frequency of CLK1N.Thus, the device can 
be set to a center frequency (other than 2713Hz) by adjusting 
CLKIN frequency. 


The external clock frequency, fCLKIN, needed to produce a 
given center frequency, can be calculated by: 


fCLKIN=fex4552.893 


once fCLK1Nhas been determined, the other template fre- 
quency points shown in Figure 5 can be calculated by: 


fDL=fCLKINx2.18831 x10-4 


fDU- fCLKINx 2.20450 X 10-4 


fRL=fCLK1NX2.16888xlO-4 


fRu =fCLK1Nx2.22393 X 10-4 


The above formulas are valid for center frequencies with the 
range of 1000Hz to 4000 Hz. The internal divide by 8 cir- 
cuitry may be bypassed by applying a clock that is one eighth 
of the above calculated values. 


When the required CLK1Nfrequency calculated above is less 
than 6MHz, the internal frequency sensecircuit may be- 


come enabled causing the detection of an erroneous center 
frequency. In this case, the divide by 8 function cannot be 
used and only the lower clock frequency may be used. For 
example, for a 1004Hz tone detector, the clock frequency 
applied must be 571kHz. 


1.7 
Power Supplies 
The analog circuits in the device run from +5 to - 5 (Vee to 
Vss) and are referenced to GND. 


The digital circuits in the device run from +5 to 0 (Vee to 
GND). 


It is recommended that the power supplies to the device be 
bypassed by placing decoupling capacitors from Vee to GND 
and Vss to GND as physically close to the device as possible. 
---.~Hz 
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PART NUMBER 


ML2031CP 
ML20311P 
ML2032CP 
ML20321P 


O°C to +70°C 


-40°C 
to +B5°C 


O°C to +70°C 


-40°C 
to +B5°C 


PACKAGE 


MOLDED 
DIP 
(POB) 


MOLDED 
DIP 
(POB) 


MOLDED 
DIP 
(POB) 


MOLDED 
DIP 
(POB) 


'-Micro 
Linear 


• 


....-.--... 
•••• _. - 
_u ---- 
MLlUj~ MLlUjb 
, 


Programmable Sinewave Generator 


The frequency of these monolithic 
sinewave generators 


is programmable for the ML2035 from DC to 25kHz 
and for the ML2036 from DC to 50kHz. No external 
components are required. 


The frequency of the sinewave output is derived from 
either an external crystal or clock input, thus providing 
a stable and accurate frequency reference. The 
frequency is programmed by a 16-bit serial data word. 


The ML2035 is packaged in an 8-pin DIP and has a 
VOUTamplitude of ±Vcc/2. 


The ML2036 provides for a VOUTamplitude of either 
±VREFor ±VREF/2.Also included with the ML2036 is an 
inhibit 
input which allows the sinewave output to be 
held at zero volts after completing 
the last half cycle of 


the sinewave preventing steps in voltage. Two pins of 
the ML2036 are clock outputs designed to drive other 
devices with one half or one eighth of the clock input 
frequency. 


The ML2035 and ML2036 are intended for 
telecommunications 
and modem applications that need 


low cost and accurate generation of precise test tones, 
call progress tones, and signaling tones. 


• Programmable 
frequency 
DC to 50kHz 


• Frequency resolution 
with 
feLKIN = 12MHz 
(±.75 Hz) 1.5Hz 
• Absolute 
gain error 
±.1dB max 


• Harmonic 
distortion 
-45dB max 


• Output 
voltage amplitude 
of ±VREFor ±VREF/2 


• On chip crystal oscillator 
3 to 12MHz 


• ML2036 has clock outputs 
of 1/2 or 1/8 of the 


input clock frequency 


• No external components 
required 
• pP compatible 
serial interface 


• Double 
buffered data latch 
• Synchronous 
or asynchronous 
data loading 
capability 


• Power dissipation 
SOmW max from ±SV supplies 


• Compatible 
with ML2031 and ML2032 tone 


detector, and ML2004 logarithmic 
gain/attenuator 


• TILICMOS 
compatible 
inputs 


• ML2035 package 8-pin DIP; ML2036 14-pin DIP or 
16-pin SOIC 
• ooe to +70oe or -40oe to +85°e operating 


temperature 
range 


--oGND 
--oVss 


'-Micro 
Linear 


Ml2036 


PINND. 


DIP SOIC 
NAME 
FUNGION 


1 
2 
Vss 
Negative supply. -5V ± 10%. 


2 
3 
PDwlNH 
Three level ~nput. Controls 
inhibit 


mode and power 
down 
mode. Current 
source 
pull up to Vcc. 


3 
4 
ClKoUT1 Clock output. 
Digital output 
from 
internal 
clock generator 
that can drive 


other 
devices. fCLKOUTl = fCLKIN/2. 


4 
5 
ClKoUT2 
Clock output. 
Digital output 
from 
internal 
clock generator 
that can drive 


other 
devices. fCLKOUT2= fCLKIN/8. 


5 
6 
SCK 
Serial clock. Digital input 
which 
clocks 


in serial data on rising edges. 


6 
7 
SID 
Serial data. Serial input 
data which 
programs 
the frequency 
of VOUT. 


7 
8 
LATI 
Serial latch. Digital input which 
latches 


serial data into the internal 
data latch 
on falling edges. 


8 
9 
Vcc 
Positive supply. +5V ± 10%. 


9 
10 
VREF 
Reference input. The voltage on this 
pin determines 
the peak-peak swing on 
VOUT. VREFcan be tied to VCC' 
10 
11 
VOUT 
Analog output. 


11 
12 
AGND 
Analog ground. 
0 volts. Analog inputs 


and outputs 
referenced 
to this point. 


12 
13 
DGND 
Digital ground. 
0 volts. Digital inputs 


and outputs 
referenced 
to this point. 


13 
15 
GAIN 
Sets VOUT peak amplitude 
to VREFor 
VREF/2.Current 
source pull down 
to 


DGND. 


14 
16 
ClK1N 
Clock input. 
Internal 
clock can be 


generated 
by tying a 3 to 12MHz crystal 


from 
this pin to DGND or applying 
a 


clock directly 
to the pin . 


Ml2035 
8-Pin DIP 


Ml2035 


PIN 
NO. 
NAME 


1 
Vss 
2 
SCK 


3 
SID 


4 
LATI 


5 
Vcc 


6 
VOUT 
7 
GND 


8 
ClKIN 


vssDu 
ClK'N 
SCK 
2 
7 
GND 


SID 
3 
6 
vour 
IAII 
4 
5 
Vcc 


TOPVIEW 


Ml2036 
14-Pin DIP 


vss 
elKIN 


GAIN 


ClKouTl 
DGND 


ClKour2 
ACND 


SCK 
VOUT 


SID 
VREF 


lATl 
Vcc 


TOPVIEW 


Ml2036 
16-Pin SOIC 


NC 


Vss 
PDN-INH 
ClKour1 
CLKouT2 


SCK 
SID 


LATI 


elKIN 
GAIN 
NC 
DGND 
ACND 


VOUT 


VRU' 
Vcc 


FUNGION 


Negative supply. -5V ± 10%. 
Serial clock. 
Digital input which 
clocks 


in serial data on rising edges. 
Serial data. Serial input data which 
programs the frequency 
of VOUT. 


Serial latch. Digital input which 
latches 


serial data into the internal 
data latch 
on falling edges. 


Positive supply. +5V ± 10%. 


Analog output. 
Your 
swing is ±Vcc/2. 


Ground. 
0 volts. All inputs and outputs 


referenced 
to this point. 


Clock input. 
Internal 
clock 
can be 


generated 
by tying a 3 to 12MHz crystal 
from this pin to GND or applying 
a 


clock directly 
to the pin. 
-- 
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ABSOLUTE MAXIMUM 
RATINGS 


(Note 
1) 


Supply 
Voltage 
Vcc 
..........................•...................... 
+6.5V 


Vss 
-6.5V 


Analog 
Input 
and Output 
Vss - O.3V to Vcc 
+ O.3V 
AGND 
Voltage 
Vss to Vcc 


Digital 
Inputs 
and Outputs 
......•..... 
-O.3V to Vcc 
+ O.3V 
Input 
Current 
per Pin 
±25mA 
Power 
Dissipation 
...................•............. 
750mW 


Storage 
Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering 
10 sec) 
Dual-in-Line 
Package (Molded) 
...•......•... 
260°C 


Dual-in-Line 
Package (Ceramic) 
...•...•........ 
300°C 


Molded 
Small Outline 
IC Package 
Vapor 
Phase (60 sec) 
.................•............ 
215°C 


Infrared 
(15 sec) 
220°C 


Temperature 
Range (Note 
2) 


ML203SCp, ML2036Cp, ML2036CS 
.•...... 
O°C to +70°C 


ML20351j, ML20361j 
.................•..•... 
-40°C 
to +85°C 


ML2035 
ELEORICAL CHARAOERISTICS 


Unless 
otherwise 
specified, 
TA = TMIN to 
TMAA 
Vcc 
= 5V ± 
10%, Vss = -5V ± 10%, CLKIN 
= 12.352MHz, 
VOUT 
load 


CL = 100pF 
and 
RL = 1k, all digital 
timing 
measured 
at 1.4V 
midpoint, 
and 
input 
control 
signals 
from 
10% to 
90% 
of 


Vcc 
with 
tR = tF = 20ns. 


HD 
Harmonic 
Distortion 
4 
2nd or 3rd 
fOUT = 20Hz to 5kHz 
-45 
dB 
Harmonic 
Relative to 
fOUT = 5kHz to 25kHz 
-40 
dB 
Fundamental 


SND 
Signal to Noise + 
4 
200Hz :S fOUT :S 3400Hz, 
noise 
-45 
dB 
Distortion 
measured 
200Hz to 4kHz 
~ 


20Hz :S fOUT :S 25kHz, noise 
-40 
dB 


measured 
20Hz to 75kHz 


iCN 
Output 
Idle Channel 
Noise 
4 
Power 
Down 
Mode, 
Cmsg weighted 
-20 
0 
dBrnc 


Power 
Down 
Mode, 
1kHz 
SO 
nVl.jHZ 


PSRR 
Power 
Supply 
Rejection 
5 
200mVp•p, 
0-10kHz 
sine, 
Ivcc 
-40 
dB 


Ratio 
measured 
on VOUT 
IVss 
-40 
dB 


Vos 
VOUT Offset 
Voltage 
4 
±75 
mV 


VPK 
VOUT Peak Voltage 
±Vcc/2 
V 


VCN 
VOUT Gain Error 
4 
Relative 
I fOUT = 20Hz to 5kHz 
±.1 
dB 
to Vcc 
I fOUT = 5kHz to 25kHz 
±.3 
dB 


VliJCLK 
input 
Low Voltage, 
CLKIN 
4 
1.5 
V 


VIH,CLK 
Input 
High 
Voltage, 
CLKIN 
4 
3.5 
V 


IIN,CLK 
input 
Current, 
CLK1N 
4 
CLKIN = 1.5V to 3.5V 
10 
60 
f.JA 


CLKIN = 0 to 1.5V; 3.5V to Vcc 
250 
f.JA 


C1N,CLK 
Input 
Capacitance, 
CLK1N 
5 
12 
pF 


VIL 
Input 
Low Voltage 
4 
.8 
V 


V,H 
Input 
High 
Voltage 
4 
2.0 
V 


IlL 
Input 
Low Current 
4 
VIN = OV 
-1 
f.JA 


IIH 
Input 
High 
Current 
4 
VIN = Vcc 
1 
f.JA 


CIN 
Digital 
Input 
Capacitance 
5 
pF 


VOL 
Output 
Low Voltage 
4 
IOL = -2mA 
0.4 
V 


VOH 
Output 
High Voltage 
4 
IOH = 2mA 
4.0 
V 
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ML2035 ELEORICAL CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
TA = TMIN to 
TMAJV Vcc 
= sv ± 10%, Vss = -SV ± 10%, CLKIN = 12.3S2MHz, 
VOUT 
load 


CL = 100pF 
and 
RL = 1k, all digital 
timing 
measured 
at 1.4V 
midpoint, 
and 
input 
control 
signals 
from 
10% to 
90% 
of 
V cc 
with 
tR = tF = 20ns. 


ICC 
Vcc 
Supply 
Current 
4 
No output 
load, Vcc ~ S.5V 
5.5 
mA 


155 
Vss Supply 
Current 
4 
No output 
load, Vss ~ -5.5V, 
-3.5 
mA 


Vcc 
= 5.5V 


Ico 
Vcc 
Supply 
Current, 
Power 
4 
No Output 
Load, Power 
Down 
Mode 
2.0 
mA 
Down 
Mode 


1551 
Vss Supply 
Current, 
Power 
4 
No Output 
Load, Power 
Down 
Mode 
-100 
pA 
Down 
Mode 


tCKI 
CLK1N On/Off 
Period 
4 
tR = tF = 10ns, 2.5V midpoint 
30 
ns 


tSCK 
SCK On/Off 
Period 
4 
100 
ns 


tos 
SID DATA Setup Time 
4 
50 
ns 


tDH 
SID DATA Hold 
Time 
4 
50 
ns 


tLPw 
LATI Pulse Width 
4 
50 
ns 


tLH 
LATJ Hold 
Time 
4 
50 
ns 


tLS 
LATI Setup Time 
5 
50 
ns • 
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ML2036 ELEORICAL CHARAOERISTICS 
Unless 
otherwise 
specified, 
TA = T MIN 
to 
T MAJV Vcc 
= 5V ± 10%, Vss = -5V ± 10%, AGND 
= DGND 
= Ov, VREF = 2.5V 
to 
VCG 
and 
CLK,N 
= 12.352MHz, 
VOUT load 
CL = 100pF 
and 
RL = 1k, all digital 
timing 
measured 
at l.4V·midpoint, 
and 


input 
control 
signals 
from 
10% to 
90% 
of Vcc 
with 
tR = tF = 20ns. 


HD 
Harmonic 
Distortion 
4,6 
2nd or 3rd 
fOUT = 20Hz to 5kHz 


, 


-45 
dB 


harmonic 
relative 
to 
fOUT ~ 5kHz to 50kHz 
-40 
dB 
fundamental 


SND 
Signal to Noise + 
4,6 
200Hz :s fOUT :s 3400Hz, 
noise 
-45 
dB 
Distortion 
measured 
200Hz to 4kHz 


20Hz :s fOUT :s 50kHz, 
noise 
-40 
dB 


measu red 20Hz to 150kHz 


ICN 
Output 
Idle Channel 
Noise 
4 
Power 
down 
mode, 
Cmsg weighted 
-20 
0 
dBrnc 


Power 
down 
mode, 
1kHz 
50 
nV/VHZ 


Inhibit 
mode, 
1kHz 
500 
nV/VHZ 


PSRR 
Power 
Supply 
Rejection 
5 
200mVp_p, 
0 to 10kHz sine, 
I Vcc 
-40 
dB 
Ratio 
measured 
on VOUT 
IVss 
-40 
dB 


Vos 
VOUT Offset 
Voltage 
4,7 
±25 
+ (±10 
mV 
x VOUTP-p) 


VpK 
VOUT Peak Voltage 
6 
GAIN = Vcc 
±VREF 
V 


GAIN 
~ DGND 
±VREF/2 
V 


Vsw 
VOUT Swing 
5 
GAIN 
~ Vcc 
Vss+1.5V 
Vcc-1.5V 
V 


VCN 
VOUT Gain Error 
4,6 
fOUT = 20Hz to 5kHz 
±.1 
dB 


fOUT ~ 5kHz to 50kHz 
±.3 
dB 


RREF 
Reference 
Input 
Resistance 
4 
2.5 
12 
MO 


VIl.,CLK 
Input 
Low Voltage, 
CLK1N 
4 
1.5 
V 


V1H,CLK 
Input 
High Voltage, 
CLK1N 
4 
3.5 
V 


IIN,CLK 
Input 
Current, 
CLK1N 
4 
CLK1N ~ l.5V to 3.5V 
10 
60 
fJA 


CLK1N = 0 to l.5V; 
3.5V to Vcc 
250 
fJA 


C1N,CLK 
Input 
Capacitance, 
CLK1N 
5 
12 
pF 


V1L 
Input 
Low Voltage 
4 
LATI, SID, GAIN, 
SCK 
.8 
V 


V1H 
Input 
High 
Voltage 
4 
LATI, SID, GAIN, 
SCL 
2.0 
V 


III 
Input 
Low Current 
4 
V1N ~ Ov, LATI, SID, GAIN, 
SCK 
-1 
fJA 


IIH 
Input 
High Current 
4 
V1N = Vcc, 
LATI, SID, PoN-INH, 
SCK 
1 
fJA 


Ill., PON 
Input 
Low Current 
4 
PoN-INH, 
V1N ~ OV 
-70 
-20 
-5 
fJA 


IIH' G 
Input 
High Current 
4 
GAIN, 
V1N ~ Vcc 
5 
20 
70 
fJA 


VI1 
Input 
Logic 
Low PoN-INH 
4 
DGND-.5 
.8 
V 


VI2 
Inhibit 
State Voltage 
4 
Vss+.5 
V 
PoN-INH 


VI3 
Input 
Logic 
High 
PON-INH 
4 
2.0 
V 


C1N 
Digital 
Input 
Capacitance 
5 
pF 


VOL 
Output 
Low Voltage 
4 
IOL = -2mA 
0.4 
V 


VOH 
Output 
High Voltage 
4 
IOH = 2mA 
4.0 
V 
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ML2036 ELEORICAL CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
TA = TM1N to 
TMAJV Vcc 
= sv ± 10%, Vss = -SV ± 10%, AGND = DGND 
= Ov, VREF = 2.5V 
to 
VCG 
and 
CLKIN = 12.3S2MHz, 
VOUT 
load 
CL = 100pF 
and 
RL = 1k, all digital 
timing 
measured 
at 1.4V 
midpoint, 
and 


input 
control 
signals 
from 
10% to 
90% of VCC with 
tR = tF = 20ns. 


ICC 
Vcc 
Supply 
Current 
4 
No output 
load, Vcc = VREF= S.5V 
5.5 
mA 


Iss 
Vss Supply 
Current 
4 
No output 
load, Vss = -S.5'/, 
-3.5 
mA 


Vcc 
= VREF=5.5V 


IcCi 
Vcc 
Supply 
Current, 
No output 
load, power 
down 
mode 
2.0 
mA 
Power 
Down 
Mode 


Iss1 
Vss Supply 
Current, 
No output 
load, power 
down 
mode 
-100 
pA 


Power 
Down 
Mode 


tCKI 
CLK1N On/Off 
Period 
4 
tR = tF = 10ns, 2.5V midpoint 
30 
ns 


tSCK 
SCK On/Off 
Period 
4 
100 
ns 


tDS 
SID DATA Setup Time 
4 
50 
ns 


tDH 
SID DATA Hold 
Time 
4 
50 
ns 


tLPw 
LATI Pulse Width 
4 
50 
ns 


tlH 
LATI Hold 
Time 
4 
50 
ns 


tLS 
LATI Setup Time 
5 
50 
ns • 
fClK1 
CLKour 1 Output 
Frequency 
4 
Figure 
2 
'h 
'h 
fClKIN 


fClK2 
CLKour2 
Output 
Frequency 
4 
Figure 
2 
Y. 
Y. 
fClKIN 


t11U t2R 
CLKoun 
CLKOUT:b 
5 
Cl =40pF, 10"'{' and 90% transition 
point 
0 
20 
ns 
Output 
Rise Time 
4 
Cl =100pF, O.BVand 2.0V transition 
point 
0 
20 
ns 


t1F, t2F 
CLKoun 
CLKoUT2, 
5 
Cl =40pF, 10"/0and 90"'{' transition 
point 
0 
20 
ns 
Output 
Fall Time 
4 
Cl =100pF, O.BVand 2.0V transition 
point 
0 
20 
ns 


Absolute 
maximum 
ratings 
are 
limits beyond 
which 
the 
life of the 
integrated 
circuit 
may be impaired. 
All voltages 
unless 
otherwise 
specified 
are 
measured 
with 
respect 
to ground. 


O'C to +70'C and -40'C to +8S'C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% 
testing, 
sampling, 
or by correlation 
with 
worst-case 
test conditions. 
Typicals 
are parametric 
norm 
at 25°C. 


Parameter guaranteed and 100% production 
tested. 


Parameter guaranteed. Parameters not 100%tested are not in outgoing 
quality level calculation. 


Maximum peak-to-peak voltage for output sinewave is Vou",_p 05 (125kV x Hz)/fouT' For example at 50kHz output 
the maximum 


guaranteed voltage swing is 2.5Vp_p. 
Offset voltage is a function 
of the peak-to-peak output voltage, for example if VOUTP-P- 2.5Y, Vos = ±50mV max. 


Note 3: 
Note 4: 
Note 5: 
Note 6: 
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ClKIN 


ClKOUTl \ 
\ 
\ 
_Jr'IR =1i- 


t1F 
/ 
\ 
) 


fClI(2 
C 


ClKOUT2 
-1l'2F 


2 
3 


INPUT 
VOLTAGE 
(V) 
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The ML2035 and ML2036 are composed of a 
programmable 
frequency generator, sinewave generator, 


crystal oscillator, and serial digital interface. The ML2035 


and ML2036 frequency and sinewave generator 
functional 
block diagram is shown in figure 4. 


INPUT TO 
1.1 
QUADRANT 


SIGN 
BIT 
COMPlEMENTOR 


~ 
-1I+-T.-..!- 


fREf 


SIGN 
INPUT TO 


BIT 
ROM 


,(1111",((1'tl, 


INPUT TO 
PIGORIAl 


SIGN 
PRESENTATION 
COMPlEMENTOR 
OF 
DIGiTAl 
DATA 


,1TrrrYnlTo, 


INPUT TO 
OUTPUT 
lATCH 


,(ffITt, 
'W1W 


INPUT 
TO 


DIA 


CONVERTER 
,fnTn1, 
~lUJ1 


INPUT 
TO 


lOW-PASS 


FlITER 


(ANALOG) 
SIGNAL 


OUTPUT 
Of 
lOW-PASS 


FILTER 


(ANALOG) 
SIGNAL 
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1.1 
Programmable Frequency Generator 


The programmable frequency generator produces a 
digital output whose frequency is determined 
by a 16- 


bit digital word. 


The frequency generator is composed of a phase 
accumulator which is clocked at fClKIN/4.The value 
stored in the data latch is added to the phase 
accumulator 
every 4 cycles of CLKIN.The frequency of 
the analog output 
is equal to the rate at which the 


accumulator 
overflows and is given by the following 


equation: 


fClKIN x (D15-DO)DEC 


fOUT = 
223 


The frequency resolution and the minimum 
frequency 


are the same and is given by the following 
equation: 


Llf 
_ fClKIN 
MIN - 
223 


When fClKIN = 12.352MHz, LlfM1N= 105Hz(±.75Hz). 
Lower frequencies are obtained by using a lower clock. 


Due to the phase quantization 
nature of the frequency 


generator spurious tones can be present in the output 
in the range of -55dB relative to fundamental. The 
energy from these tones is included in the signal to 
noise + distortion 
specification. The frequency of these 


tones can be very close to the fundamental, therefore it 
is not practical to filter them out. 


1.2 
Sinewave Generator 


The sinewave generator is composed of a sine look-up 
table, a DAC, and an output smoothing filter. The sine 
look-up table is addressed by the phase accumulator. 
The DAC is driven by the output of the look-up table 
and generates a staircase representation of a sinewave. 


The output smoothing filter "smooths" the analog 
output 
by removing the high frequency sampling 


components. The resultant voltage on VOUT is a 
sinusoid with all distortion 
components at least 45dB 


below the fundamental. 


The ML2035 provides a peak sinewave voltage of 
±Vcd2. 
The ML2036 has a VREFinput that can be tied 


to Vcc or generated from an external voltage. With the 
gain input equal to a logic "1" the sinewave peak 
voltage is equal to ±VREF;with the gain input equal to 
a logic "0" the peak voltage is ±VREFI2.The sinewave 
output 
is referenced to AGND for the ML2036 and 


GND for the ML2035. 


The analog section is designed to operate over a range 
from DC to 50kHz. Due to slew rate limitations, the 
peak-to-peak output voltage must be limited to VOUTP-P 
~ 
(125kV 
x Hz)/fOUT. 
For example on the ML2036 an 
output at 50kHz must be limited to 205Vp_p. Since the 
ML2035 peak-to-peak output voltage is equal to VCG 
the maximum output frequency 
must be limited to 


25kHz for Vcc 
= 5V. VOUT can drive 11<0,100pF loads 


and swing to within 
105V of Vcc 
and Vss, provided the 


slew rate limitations mentioned 
above are not 
exceeded. 


The output offset voltage, Vos, 
is a function 
of the 


peak-to-peak output voltage and is specified as 25mV 
+ 
(±10 x VOUTP-P) max. For example if VOUTP-P 
= 205V, 


then Vos 
= 50mV 
max. 


1.3 
Crystal Oscillator 


The crystal oscillator generates an accurate reference 
clock for the programmable frequency generator. 


The internal clock can be generated with a crystal or 
external clock. 


If a crystal is used, it must be placed between CLK1Nand 
DGND of the ML2036 or GND of the ML2035. An on 
chip crystal oscillator will then generate the internal 
clock. No other external capacitors or components 
are 


required. The crystal should be a parallel resonant type 
with a frequency between 3MHz to 12.4MHz. It should 
be placed physically as close as possible to the CLK1N 
and DGND (GND). 


An external clock can drive CLKIN directly if desired. 
The frequency of this clock can be anything from 0 to 
12MHz. 


The crystal must have the following 
characteristics: 


1. Parallel resonant type 


2. Frequency: 3MHz to 12.4MHz 


3. Maximum equivalent series resistance of 150 at a 


drive level of 1jlW 
to 200jlW 


4. Maximum equivalent series resistance of 300 at drive 


levels of 10nW to 1jlW 


5. Typical load capacitance: 18pF 


6. Maximum case capacitance: 7pF 


The frequency of oscillation will be a function 
of the 


crystal parameters and board capacitance. Crystals that 
meet these requirements at 12.352000MHz are M-tron 
3709-010 12.352for O°Cto +70°C and 3709-020 12.352 
for -40°C to +85°C operation. 


'Micro 
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The ML2036 has two clock outputs that can be used to 
drive other external devices. The CLKour1 output is a 
buffered output from the oscillator divided by 2. The 
CLKour2 output 
is a buffered output from the oscillator 


divided by 8. 


1.4 
Serial Digital Interface 


The digital interface consists of a shift register and data 
latch. The serial 16-bit data word on SID is clocked into 
a 16-bit shift register on rising edges of the serial shift 
clock, SCK. The LSBshould be shifted in first and the 
MSB last as shown in figure 5. The data that has been 
shifted into the shift register is loaded into a 16-bit data 
latch on the falling edge of LATI.To insure that true 
data is loaded into the data latch from the shift register, 
LATI falling edge should occur when SCK is low, as 
shown in figure 1. LATI should be low while shifting 
data into the shift register to avoid inadvertantly 
entering the power down mode as described in 
paragraph 1.5. Note that all data is entered and .latched 
on edges, not levels, of SCK and LATI. 


ML2035, 
ML2036 


1.5.1 ML2035 Power Down Mode 


The power down mode of the ML2035 can be selected 
by entering all zeros in the shift register and applying a 
logic "1" to LATI.A zero data detect circuit detects 
when all bits in the shift register are zero's. In this state, 
the power consumption 
is reduced to 11.5mW max, 


and Your goes to OVas shown in figure 6 and appears 
as 10k to analog ground. The master clock, CLK1N,can 
be left active or removed during power down mode. 


1.5.2 
ML2036 Inhibit and Power Down Modes 


The ML2036 has an inhibit mode and a power down 
mode which are controlled 
by the three-level PDwlNH 


input as described in table 1. When a logic ''1'; V13, is 
applied to the PDwlNH pin, the power down mode is 
entered in the same way as described for the ML2035. 
Also, the ML2036 will be placed in the power down 
mode by applying a logic "0" to the PDN-INH pin. 


If Vss to Vss + .5\1,VI2<is applied to the PDN-INH pin, 
the inhibit mode is entered by shifting all zero's into 
the shift register and applying a logic "1" to the LATI 
pin. Once the inhibit mode is entered Your will 
complete the last half cycle of the sinewave and then 
be held at approximately Vos, such that no voltage step 
occurs, as shown in figure 6. 
III 


PDN-INH 
PoN-INH 
DATA IN 


MODE 
PIN 
SHIFT 
REG. 
lATl 
SINEWAVE 
OUTPUT 


PON '" 
V11, Logic "0" 
X 
X 
VOUT ~ OV 
(10K to AGND) 


Inhibit 
V,:u Inhibit 
State 
All a's 
Logic 
"1" 
VOUT goes to approximately 
Vos 


Voltage, 
Vss to 
at the 
next Vos crossing. 
See 
Vss + .sV 
figure 
6. 


PON '" 
V,], Logic "1" 
All a's 
Logic "1" 
VOUT ~ OV 
(10K to AGND) 


VPEAK 
(8mOUT"" 
l 
IVXI :5 256 + VPEAK SIN ~+ 
512 


fCLK 


FOR fOUT > 2048 
sa 


SIO mOl 
2 
3 4 
S 6 
7 8 9 10 1112 13141S: 


WI 
r--- 
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+5V to -5V (Vee to Vss) and are referenced to AGND. 


The digital circuits in the device are powered from +5V 
to OV (Vee to DGND). 


For the ML2036, it is recommended that AGND and 
DGND be connected together close to the device and 
have a good connection 
back to the power source. 


device should be bypassed by placing decoupling 
capacitors from Vee to AGND (GND for ML2035) and 
Vss to AGND (GND for ML2035) as physically close to 
the device as possible. 


MI2003 
ML2004 
ML2008 
ML2009 
ATTENUATION 


IGAIN 


Ml2020 
Ml2021 
LINE 
EQUALIZER 


ML2031 
ML2032 
TONE 
DETECTOR 


+5V 


Ml2036 


+ 
Vcc GAIN 


.1pF 


AGND 


.1pf 


VREF 
vss 
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PART NUMBER 
TEMP. 
RANGE 
PACKAGE 


ML2035IJ 
-40°C to +85°C 
HERMETIC DIP (j08) 
ML2035IP 
-40°C to +85°C 
MOLDED 
DIP (P08) 
ML2035CP 
O°C to +70°C 
MOLDED 
DIP (P08) 


ML20361J 
-4Q°C to +85°C 
HERMETIC DIP (j14) 


ML20361P 
-40°C to +85°C 
MOLDED 
DIP (P14) 


ML20361S 
-40°C to +85°C 
MOLDED SOIC (S16W) 
ML2036CP 
O°C to +70°C 
MOLDED 
DIP (P14) 
ML2036CS 
O°C to +70°C 
MOLDED 
SOIC (S16W) 
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Universal Dual Filter 


The ML211 0 consists of two independent 
switched capaci- 


tor filters that perform second order filter functions such as 
low pass, bandpass, highpass, notch and all pass. All filter 
configurations 
including 
Butterworth, 
Bessel, Cauer, and 


Chebyshev can be formed. 


The center frequency 
of these filters is tuned by an ex- 
ternal clock or the external clock and resistor ratio. 


The ML2110 frequency 
range is specified to 30kHz with 


±2.25V 
(single 5V operation) 
to ± 5.5V power supplies. 


For higher frequency 
operation 
the ML2111 is specified up 


to 150kHz operation. 


These filters are ideal where center frequency 
accuracy 


and high Os are needed. 


The ML2110 is a pin compatible 
superior replacement 
for 


MF10, LMF100, and LTC1060 filters. 


• Specified to 30kHz 
• CenterfrequencyxQ 
product 
~2MHz 


• Separate highpass, notch, allpass, bandpass, and 


low passoutputs 
• Center frequency accuracy 
± 0.3% or ± 0.8% max 


• Q accuracy 
±3% or ±6% max 


• Clock inputs TIL or CMOS compatible with duty 


cycle 40% to 60% 


• Single SV (± 2.2SV) or ± SV supply operation 
• O°C to 70°C, -40°C 
to +8SoC, - 5SoCto + 12SoC 


operating temperature range 


• Standard 0.3" 20-pin DIP or 20-pin small outline 
(SOIC) package 


PIN CONNEalONS 


ML2110 
20-PIN DIP 


lPA 
lP. 


BPA 
BP. 


N/AP/HPA 
N/AP/HP. 


INVA 
INVB 


SIA 
Sl. 


SA/. 
AGND 


VA+ 
VA- 


Vo+ 
Vo- 


lSh 
SO/IOO/HOLD 


ClKA 
ClK. 


TOPVIEW 


ML2110 
20-PIN sOle 


lPA 


BPA 


N/AP/HPA 


INVA 


SIA 


SA/. 


VA+ 


Vo+ 


lSh 


ClKA 


lP. 


BP. 


N/AP/HP. 


INV. 
Sl. 


AGND 


VA- 
Vo- 


SO/lOO/HOLD 


ClK. 
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PIN DESCRIPTION 


PIN NO. 
NAME 
FUNCTION 


1 
lPA 
lowpass output for 
biquad A. 


2 
BPA 
Bandpass output for 
biquad A. 


3 
N/AP/HPA 
Notch/allpass/h ighpass 
output for biquad A. 


4 
INVA 
Inverting input of the 
summing op amp for 
biquad A. 


5 
51A 
Auxiliary 
signal input pin 
used in modes la, 1d, 4,5, 
and 6b. 


6 
5A/s 
Controls 52 input 
function. 


7 
VA+ 
Positive analog supply. 


8 
VD+ 
Positive digital supply. 


9 
l5h 
Reference point for clock 
input levels. logic 
threshold typically 
1AV 
above l5h voltage. 


10 
ClKA 
Clock input for biquad A. 
11 
ClKs 
Clock input for biquad B. 


PIN NO. 


12 


NAME 


50/100/HOLD 


FUNCTION 


Input pin to control the 
clock to center frequency 
ratio of 50:1 or 100:1, or 
stops the clock to hold the 
last sample of the band- 
pass or lowpass outputs. 
Negative digital supply. 
Negative analog supply. 
Analog ground. 
Auxiliary 
signal input used 


in modes 1a, 1d, 4, 5, and 
6b. 
Inverting input of the 
summing op amp for 
biquad B. 
Notc hiaIIpass/high pass 
output for biquad B. 
Bandpass output for 
biquad B. 
lowpass output for 
biquad B. 


1.11 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage 
IvA+ I. Ivo + I-IV A-I. 
IvD-I 
BV 


VA+,VD+toLSh 
BV 
Inputs. 
. 
lvA+, vD+I+0.3Vto 
IvA-, vD-I-0.3V 


Outputs. 
. 
lvA+, vD+I+0.3Vto 
IvA-, 
vD-I-0.3V 


IvA+ltolvD+! 
±0.3V 
Power Dissipation. . . . . . 
. 
750mW 


StorageTemperature Range 
-65°C to 150°C 
LeadTemperature (soldering, 10 sec).. . . . . . . . . .. 
. .... 
300°C 


13 
VD- 


14 
VA- 
15 
AGND 


16 
51s 


17 
INVs 


18 
N/AP/HPs 


19 
BPs 


20 
lPs 


Temperature Range(Note 2) 


ML211OBCP,ML211OCCP, 
ML211OBCS,ML211OCCS. 
. ... O°Cto 70°C 
ML211OBIj,ML2110Clj. 
.. -40°Cto 
+85°C 


ML2110BMj,ML2110CMJ 
-55°Cto 
+125°C 


Supply Voltage Range 
± 2.25V to ± 6.0V 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA ~ TM1Nto TMAx, VA + ~VD+ 
~5V± 
10%, VA - ~VD- 
~ -5V± 
10%, CL~25pF, VIN~2.5VPK 
(1.767 VRMS)Clock Duty Cycle 40% to 60%. 


PARAMETER 


Filter 
fo, Center Frequency 
5,6 
Figure 16 (Mode 1) 


Maximum 
Qs50,QAccuracy 
s±20% 
20 
20 
kHz 


Qs20, 
Q Accuracy s ± 10% 
30 
30 
kHz 
fo, Center Frequency 
5,6 
Figure16 (Mode 1) 
Minimum 
Qs50, 
Q Accuracys ±30% 
25 
25 
Hz 


Qs20, 
Q Accuracys + 15% 
25 
25 
Hz 
fo,Temperature 
fClK<lMHz 
-10 
-10 
ppm/oC 
Coefficient 
Clock to Center 
Q-lO 


Frequency Ratio 
Figure16 (Mode 1) 


4 
50:1, fClK- 250kHz 
49.85 
50.0 
50.15 
49.60 
50.0 
50.40 
4 
100:1,fCLK-500kHz 
100.0 
100.3 
100.6 
99.50 
100.3 
101.1 
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ELECTRICAL 
CHARACTE 
RISTICS 
(Continued) 
Unless 
otherwise 
specified 
TA = TMIN to TMAX, VA + = Vo+ 
=5V± 
10%, 
VA - 
=Vo- 
= -5V± 
10%, 
CL =25pF, 
VIN=2.5VPK 
(1.767 
VRMS) Clock 
Duty 
Cycle 
40% 
to 60%. 


PARAMETER 


Filter (Continued) 


Clock Frequency 
5 
Q$20,QAccuracy 
$±15% 
2.5k 
1.5M 
2.5k 
1.5M 
Hz 


Clock Feedthrough 
5 
fCLK$lMHz 
10 
20 
10 
20 
mV(p-p) 


QAccuracy 
4 
fo~5kHz,Q~10 
I 50:1 
+3 
±6 
% 


Figure 16 (Mode 1) 
1100:1 
+4 
±8 
% 


Q Temperature 
fCLK< 500kHz, 
Q = 10 
20 
20 
ppm/oC 
Coefficient 


DC Offset 
50: 1, fCLK- 250kHz 
Vas 2, 3 
4 
SA/B High 
7 
40 
7 
60 
mV 
Vas 2, 3 
4 
SA/B Low 
7 
40 
7 
60 
mV 


DC Offset 
100: 1, fcLK~ 500kHz 


Vas 2, 3 
4 
SA/B High 
14 
60 
14 
100 
mV 


Vas 2, 3 
4 
SA/B Low 
14 
60 
14 
100 
mV 


Gain Accuracy 
DC Lowpass 
4 
Rl-20k, 
R2-2k, 
R3-20k 
0.01 
2 
0.01 
2 
% 


Bandpass at fo 
4 
100:1, fo-5kHz, 
Q= 10 
1 
4 
1 
8 
% 


DC Notch Output 
5 
0.02 
2 
0.02 
2 
% 
Noise 
7 
Figu re 16 (Mode 1) 
Q-1,R1-R2-R3-2k 


I 
Bandpass, 
5kHz, 50:1 
80 
80 
/-,VRMS 


5kHz, 
100:1 
100 
100 
/-,VRMS 


Lowpass, 
5kHz, 50:1 
~=- 
105 
105 
/-,VRMS 


5kHz, 
100:1 
130 
130 
/-,VRMS 
, 
Notch, 
5kHz, 50:1 
80 
80 
/-,VRMS 


5kHz, 
100:1 
100 
100 
/-,VRMS 


Figure 16 (Mode 1) 
Q= 10,R1 = R3 =20k,R2-2k 
Bandpass, 
5kHz, 50:1 
256 
256 
/-,VRMS 


5kHz, 
100:1 
315 
315 
/-,VRMS 


Lowpass, 
5kHz, 50:1 
262 
262 
IiVRMS 


(Rl-2k) 
5kHz, 
100:1 
320 
320 
/-,VRMS 


Notch, 
5kHz, 50:1 
33 
33 
/-,VRMS 


(R1 -2k) 
5kHz, 
100:1 
38 
38 
/-,VRMS 
Crosstalk 
fCLK~ 250kHz, 
fo - 5kHz 
-70 
-70 
dB 


fo, Center Frequency 
5 
Figure 16 (Mode 1) 
Maximum 
Q$50, 
Q Accuracy 
$ ±25% 
20 
20 
kHz 


Q$20, 
Q Accuracy 
$ ± 12% 
30 
30 
kHz 
fo, Center Frequency 
5 
Figure 16 (Mode 1) 
Minimum 
Q$50, 
Q Accuracy 
$ ±30% 
25 
25 
Hz 


Q$20, 
Q Accuracy$ 
+ 15% 
25 
25 
Hz 
Clock to Center 
Q~10 
Frequency 
Ratio 
Figure 16 (Mode 1) 


4 
50: 1, fCLK= 250kHz 
49.85 
50.0 
50.15 
49.60 
50.0' 
50.40 
5 
100: 1, fCLK= 500kHz 
100.0 
100.3 
100.6 
99.50 
100.3 
101.1 


Clock Frequency 
5 
Q$20,QAccuracy 
$±15% 
2.5k 
1.5M 
2.5k 
1.5M 
Hz 
QAccuracy 
4 
fCLK= 250kHz, 
Q = 101 50: 1 
+4 
+8 
% 


Figure 16 (Mode 1) 
1100:1 
±3 
+6 
% 
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ELECTRICAL 
CHARACTE 
RISTICS 
(Continued) 


Unless otherwise specified TA~ TMIN to TMAX,VA + - Vo+ 
~ SV± 10%, VA - -Vo- 
~ -SV± 
10%, CL-2SpF, 
VIN~2,SVPK 
(1.767 VRMS)Clock Duty Cycle 40% to 60%. 


Noise 
7 
Figure 16 (Mode 1) 
Q~1,Rl 
~R2-R3-2k 


Bandpass, 
5kHz, 50:1 
80 
80 
!'VRMS 


5kHz, 
100:1 
100 
100 
!'VRMS 


lowpass, 
5kHz, 50:1 
105 
105 
!'VRMS 


5kHz, 
106:1 
130 
130 
!'VRMS 


Notch, 
5kHz, 50:1 
80 
80 
!'VRMS 


5kHz, 
100:1 
100 
100 
!'VRMS 


Figure 16 (Mode 1) 
Q~ 10,Rl - R3-20k,R2 
~2k 
Bandpass, 
5kHz, 50:1 
256 
256 
!'VRMS 


5kHz, 
100:1 
315 
315 
!'VRMS 


lowpass, 
5kHz, 50:1 
262 
262 
!'VRMS 
(R1 -2k) 
5kHz, 
100:1 
320 
320 
!'VRMS 


Notch, 
5kHz, 50:1 
33 
33 
!'VRMS 
(Rl-2k) 
5kHz, 
100:1 
38 
38 
!'VRMS 


Vas DCOffsel 
4 
2 
15 
2 
15 
mV 


DC Open loop 
Gain 
RL-lk 
95 
95 
dB 


Gain Bandwidth 
2.4 
2.4 
MHz 


Product 
. 


Slew Rate 
2.0 
2.0 
VII'S 
Output 
Voltage 
5 
RL~ 2k, IVI from VA+ or VA- 
.5 
1.2 
.5 
1.2 
V 
Swing 
(Clipping 
level) 


Output 
Short Circuit 
Source 
50 
50 
mA 
Current 
Sink 
25 
25 
mA 


1.1 


Supply Cu rrent 
4 
fCLK- 250kHz 


(IA+)+(I0+) 
13 
22 
13 
22 
mA 
(IA-)+(I0-) 
12 
21 
12 
21 
mA 


ILsH 
0.5 
1 
0.5 
1 
mA 


VCLKInput Threshold 
4 
low 
0.8 
0.8 
V 


High 
2.0 
2.0 
V 


CLKA, CLKB Pulse 
5 
CLK High or ClK low 
250 
250 
ns 
Width 


Note 1: Absolute 
maximum 
ratings are limits beyond 
which 
the life of the integrated 
circuit 
may be impaired. 
All voltages unless 
otherwise 
specified 
are measured 
with respect to ground. 


Note 2: 
- 55°C to + 125°C operating 
temperature 
range devices are 100% tested at temperature 
extremes 
with worst-case 
test 


conditions. 
O°C to 70°C and - 40°C to + 85°C operating 
temperature 
range devices are 100% tested with temperature 
limits 
guaranteed 
by 100% testing, sampling, 
or by correlation 
with worst-case 
test conditions. 
Note 3: Typicals are parametric 
norm at 25°C. 


Note 4: 
Parameter 
guaranteed 
and 100% production 
tested. 
Note 5: 
Parameter 
guaranteed. 
Parameters 
not 100% tested are not in outgoing 
quality 
level calculation. 
Note 6: 
Center frequency 
is defined 
as the peak of the bandpass output. 


Note 7: The noise is measured 
with the HP8903A 
audio analyzer 
with a bandwidth 
of 30kHz 
which 
is 6 times the fo at 50:1 or at 100:1. 


Note 8: 
For TA = -55°C 
to +125°C; VA+ = Vo+ = 2.375V, VA- 
= Vo- 
= -2.375V 
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\ 


Q=51 
\ 
Q-50 
- 


Q 
20 "- 


Q=20,Q-SO 
.........., ;::;,- 


Q=10/ 
....... 


Q=S 


~ 
Zo 
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::> 
~ 
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( 
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/' 
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-7' 
- 
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./ 
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0.1 


Zo;:..•;; 
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~-0.1 
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MODEl 


~ 0.012 


Zo;: 0.006 
..•;; 


::> 
~~ 
-0.006 


MOJE1- 


Q=20 


Q=S,Q=10 


Q-SO 
-I---r-- 


~ 
0.4 


Z 
0.2 
o 


>;1;;0-0.2 


CI-0.4 


-0.6 


~ 
0.004 


Zo;:..•;; 


~-0.004 
~ 


~ -0.008 


1- 
fo'" 5kHz 


I 
I 


Q=lO 
- 


MODEl 


fCl. 
= 250kHz 
fCLK = 500kHz 
~ 
50,1 
100:!-- - 
---r-- 
_f..-- 
_- 


~ 
0.2 


Zo 


>;1;; 


::> 
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~zo 
Ei - 0.30 
:;o0-0.60 


~ 
Zo 
~ -0.20 
:;oo 
- 0.40 


.-.- 


100:1 
fCl.: 500kHz 


fe,. = 250kHz A' 
/-:// 
MODEl 


TA 


1 
=2nC 


r 


~ 
0.1 
Zo~:;o 
:r 
i:!oz~ 
~ 
-0.1 


_ 
M6DEIl 
I I I I I II 
I 


TA.""25°C 
VaN= 
lVRMS 


- 
50:1 OR 100:1 
fo=5kHz 


_ 
fCl. = 250kHz OR 500kHz 
1.1 


~ 
Zo~ 
~ -2 
oo 


, 
// 
MODEl 
fo= 5kHz 
fCl.= 250kHz 
TA=25°C 


I 


v 
/ 
MODEl 
fo = 5kHz 
fCLK= 500kHz 
TAT'III 


~ 
Z 
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~ 
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oo 


-1.2 


'Micro 
Linear 


., 80 
., 
~ 
~ 
~ 70 
~ 


~ 
~ 
z 
60 
z 
0 
0 
;: 
;: 
.. 50 
.. 
0 
VOUT=2V 
0 
iJ; 


Your 
= 3.2SV::Z 
iJ; 


15 
40 
15 
,.. 


fo::: 5kHz 
,.. 
u 
u 
z 
30 
fClK = 250kHz 
z 
::; 
lOW 
PA5S OUTPUT 
::; 


8' 20 
Q=l 
8' 
::: 
Rl = 2k 
::: 
MODEl 
~ 


" 


10 
TA=25Q( 
" 


Z 
Z 
;;; 
0 
;;; 


0 


1000 


800 


~ 
600 


>5 


~ 400 
Z 


200 


0 
0 
2.5 


50:1 
BPo 
Vs= ±5V 
fcu 
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MODEl 


~ 
Zo 
;;;: 
:>o 
J:u 


~-O.2 
~ 


"'" 


Your 
~.5V 


VOUT=4v--.......,.~ 
~- 
Vour=3.5VI 


fo = 5kHz 
- 
fClK = 500kHz 
LOW PASS OUTPUT 
Q=l 
- 


Rl=2k 
MODEl 
- 
TA=25°C 
I 
I 


50:1 
BPo 
VS= ±5V 
fClK= 250kHz 
fo=5kHz 
Rl=R2=R3=2k 
MODEl 
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:I: 
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60 
:I: 
U 
•... 
0 
40 
Z 


20 


_ 
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--L - 
50:1 


vs 
l= ± 5V 


-Q=10 


VIN = 1.767VRMS 
TA=25°C 


-Mr 
E1 
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Figure 11. Supply Current vs. Supply Voltage 
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Figure 12. Supply Current vs. Temperature 


POWER SUPPLIES 


The analog (VA +) and digital (VD+) supply voltage pins, in 
most cases, are tied together and bypassed to AGND with 
a 0.1 /LFand a 0.01 /LFdisc ceramic capacitor. 
If high digital 


noise exists, the supply pins can be bypassed separately. 
The ML211 0 positive analog and positive digital supply 
pins are internally connected 
by the IC substrate and 


should be biased from the same DC source. 


The ML2110 operates with a single supply from 5V± 10% 
and with split supplies from ± 4.5V to ± 6V supplies. 


ClOCK 
INPUT PINS AND LEVEL SHIFT 


With dual supplies equal to or higher than ± 4.0V, the 
level shift (L5h) pin 9 can be connected 
to the same 
potential as the AGND or VA - pin. With single supply 
operation, 
the negative supply pins and the L5h pin should 


be tied to the system ground. The AGND, 
pin 15, should 
be biased at 1/2 supplies. Under these conditions, 
the 


clock levels are TIL or CMOS. The input clock pins 
(10,11) share the same level shift pin. 


50/100/HOLD 
(Pin 12) 


By tying pin 12 to (VA+, VD+) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGN D potential), the ML211 0 operates in the 100: 1 
mode. The range of pin 12 with total supply voltage of 
+ 5V is 2.5 ± 0.5V; + lOV is 5V ± 0.5V. When pin 12 is tied 
to the negative supply pin, the filter operation 
is stopped 


and the bandpass and lowpass outputs act as an 5/H cir- 
cuit holding the last sample. 


SlA, 
SlB, (Pins 5 and 16) 


These are voltage signal input pins and should be driven 
with a source impedance 
below 5k. The 51A, 51B pins can 


be used to alter the clock to center frequency 
ratio (fCLK/fa) 
of the filter (see modes 1b, 1c, 2a, 2b) or to feedforward 
the input signal for all pass filter configurations 
(see modes 


4 and 5). When these pins are not used, they should be 
tied to the AGND 
pin. 


SAiB (Pin 6) 


When 5A/Bis high, the 52 negative input of the voltage 
summer is tied to the lowpass output. When the 5A/Bpin is 
connected 
to the negative supply, the 52 input switches to 
ground. 
1.11 


AGND 
(Pin 15) 


AGND 
is connected 
to the system ground for dual supply 
operation. 
When operating with a single positive supply, 


the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a O.l/LF capacitor. 
The positive inputs 
of the internal op amps and the reference point of the in- 
ternal switches are connected 
to the AGND 
pin. 


fClK/fo RATIO 


The ML2110 is a sampled data filter and approximates 
continuous 
time filters. The filter deviates from its ideal 
continuous 
filter model when the (fCLK/fa)ratio decreases 
and when the Qs are low. 


fox Q PRODUCT 
RATIO 


The fox Q product of the ML211 0 depends on the clock 
frequency 
and the mode of operation. 
For clock frequen- 
cies below 1MHz, in mode 1 and its derivatives, 
the 
faxQ 
product is mainly limited by the desired fa and Q 
accuracy. For the same clock frequency 
and for the same 


Q value the fox Q product can be further increased if the 
clock to center frequency 
ratio is lowered below 50: 1. 


Mode 3, Figure 24, and the modes of operation 
where R4 


is finite, are "slower" 
than the basic mode 1. The resistor 


R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional 
phase shift 
and enhances the Q value athigh 
clock frequencies. 


OUTPUT 
NOISE 


The wideband 
RM5 noise of the ML211 0 outputs is nearly 


independent 
from the clock freq uency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LPoutputs increases for high Qs. 


"Micro 
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Each filter of the ML211 0 with an external clock and resis- 
tors approximates 
2nd order filter functions. These are 


tabulated 
below in the frequency 
domain. 


1. Bandpass 
function: 
available at the bandpass output 


pins (2,19), Figure 13. 


swJQ 
G(s) - HOBP------ 


s'+(swJQ)+wa' 


HOBP-Gain 
atw-wa 


fa - wa/27r;fa is the center frequency 
of the com- 


plex pole pair. fa is measured as the peak fre- 
quency of the bandpass output. 


Q=Quality 
factor of the complex 
pole pair. It is the 
ratio of fa to the - 3dB bandwidth 
of the 2nd 


order bandpass function. 
The Q is always 
measured at the filter BP output. 


2. lowpass 
function: 
avai lable at the LPoutput pi ns 


(1, 20), Figure 14. 


~ 
HOBP 


Z 
0.707 HOBP 
::c 
<.:J 


Il- 10(2~+ V(2~ ) '.1) 


IH= 10(2~ 
+ V(2~ ) '.1) 


w' 
G(s)-HOLP 
a 
s' + S(wa/Q) + W~ 


HOLP= DC gai n of the LPoutput. 


3. Highpass 
function: 
available only in mode 3 at the out- 


put pins (3, 18), Figure 15. 


s' 
G(s) = HOHP--~--- 


S' + s(wJQ) + w~ 


. 
fCLK 
HOHP=gam of the HP output forf- 
2 


4. Notch function: 
available at pins 3 (18) for several 


modes of operation. 


(s'+w'n) 


G(s) = (HON2) 
, 
, 
s + s(wa/Q) + Wa 


HON2 = gain of the notch output for f- 
fC~K 


~ 
Hop 
~ 
HQlp 
Z 0.707 HOlP 
~ 


HOp"" 
HOlPX 
~1 
i. 
1 __ 
1_ 


Q 
40' 


HON! =gain of the notch output forf-O 


fn = wn/27r;fn is the frequency 
of the notch 


occurrence. 


~ 
Hop 


:> 
HOHP 
Z 0.707 HOHP 
::c 
<.:J 


5. Allpass function: 
available at pins 3(18) for mode 4, 4a. 


G() 
H 
[s'-s(wJQ)+w~ 


s = 
OAP 


S' + s(wa/Q) + w~ 


. 
fCLK 
HOAP=gam of the all pass output forO<f< 2 


For all pass functions, 
the center frequency 
and the Q of 


the numerator 
complex 
zero pair is the same as the 
denominator. 
Under these conditions, 
the magnitude 
re- 


sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator 
complex zero pair, is different than fa. 
For high numerator 
Q's, the magnitude 
response will have 


a notch at fz. 


le:!ox [V(l- 
2~') 
+ V(I- 2~') '.1 f' 


Ip=loX [V1- 
2~' 
] 


HOp=HOHP)( 
~1 
i. 
1 __ 
1_ 


Q 
4Q' 
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ML2110 


MODE 
PIN 2 (19) 
PIN 3 (18) 
fc 
fz 


6a 
LP 
HP 
fCLK 
R2 
---x- 
100(50) 
R3 


6b 
LP 
LP 
fCLK 
R2 
---x- 
100(50) 
R3 


7 
LP 
AP 
fCLK 
R2 
~ 
fCLK 
R2 
---x- 
---x- 
100(50) 
R3 
100(50) 
R3 


MODE 
PIN 1 (20) 
PIN 2 (19) 
PIN 3 (18) 
fo 
fN 


1 
LP 
BP 
Notch 
fCLK 
fo 


100(50) 


1a 
LP 
BP 
BP 
fCLK 


100(50) 


1b 
LP 
BP 
Notch 
fCLK 
-V 
R6 
fCLK 
-V1 
R6 


100(50) x 
1 + 
R5 + R6 
100(50) x 
+ 
R5+R6 


1c 
LP 
BP 
Notch 
fCLK 
~ 
fCLK 
~ 
100(50) x 
R5 + R6 
100(50) x 
R5 + R6 


1d 
LP 
BP 
fCLK 
100(50) 


2 
LP 
BP 
Notch 
fCLK g 
fCLK 


100(50) 
X 
1 + R4 
100(50) 


2a 
LP 
BP 
Notch 
fCLK 
-V 
R2 
R6 
fCLK 
V 
R6 


100(50) x 
1 + R4 + 
R5 + R6 
100(50) x 
1 + 
R5 + R6 


2b 
LP 
BP 
Notch 
fCLK 
-JR2 
R6 
f 
CLK 
~ 
100(50) x 
R4 + 
R5+R6 
100(50) x 
R5 + R6 


3 
LP 
BP 
HP 
f 


CLK J* 
100(50) x 
R4 


3a 
LP 
BP 
Notch 
fCLK 
~ 
fCLK 
~ 
100(50) x 
R4 
100(50) x 
Rr 


4 
LP 
BP 
AP 
~ 
100(50) 


4a 
LP 
BP 
AP 
fCLK 
..j"fJ 
100(50) x 
R4 


5 
LP 
BP 
C.Z 
fCLK g 
f 
CLK 
FN 
100(50) x 
1 + R4 
100(50) x 
1- 
R4 
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• 


ML2110 


There are basically three modes of operation: 
mode 1, 


mode 2, mode 3. In the mode 1, Figure 16, the input 
amplifier 
is outside the resonant loop. Because of this, 
mode 1 and its derivatives (mode 1a, 1b, 1c, 1d) are faster 
than modes 2 and 3. 


Mode 1a, Figure 17, represents the most simple hook-up 
of the ML211 O.Mode 1a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, 
is equal to the value of Q, and a second order, 


clock tunable, 
BP resonator can be achieved with only 2 


resistors. The filter center frequency directly depends on 
the external clock frequency. 
For high order filters, mode 
1a is not practical as it requires several clock frequencies 
to tune the overall filter response. 


Mode 1, Figure 16, provides a clock tunable notch. 
Mode 1 is a practical configuration 
for second order clock 


tunable bandpass/notch 
filters. In mode 1, a bandpass out- 


put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. 


Modes 1band 
1c, Figures 18, 19 are similar. They both 


produce a notch with a frequency 
which is always equal to 
the filter center frequency. 
The notch and the center fre- 


quency can be adjusted with an external resistor ratio. 


Figure 16. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, lowpass 


100 
50 
feLK 
100 
50 
-or-~-~--or--' 
mode lc 
1 
1 
fo 
.J2 
.J2' 


The input impedance 
of the 51 pin is clock dependent, 


and in general R5 should not be larger than 5k. Mode 1b 
can be used to increase the clock to center frequency 
ratio 


beyond 100: 1. For this mode, the limit for the (fCLK/fo)ratio 
is 500:1. Beyond this, the filter will exhibit large output off- 
sets. Mode 1d, Figure 20, is the fastest mode of operation: 
In the 50:1 mode center frequencies 
beyond 20kHz can 
easily be achieved. 


Modes 2, 2a, and 2b have a notch output which fre- 
quency, fn, can be tuned independently 
from the center 


frequency, 
fo. For all cases, however, fn <fo. These modes 
are useful when cascading second order functions to cre- 
ate an overall elliptic 
highpass, bandpass or notch re- 
sponse. The input amplifier 
and its feedback resistors (R2/ 


R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode 1'so 


Figure 17. Mode 1a: 2nd Order Filter Providing 
Bandpass, lowpass 


J1JI~Micro Linear 


II 


I 
- ~Jl 
KG 
-I 
-f 
-Q- fflJl 
KG_ 
0- 
100(50) 
+ 
R5 + KG' 
n - 
0, 
- 
R2 
+ 
R5 + K6' 


HON1(f-O) 
= HON2 (I - lei") 
= - ¥,; HOBP= - :H; HOLP= 
1 + ~fc~:~ 
KG); KS<SkO 


v- 


f 
= ~J 
Kb 
-f 
-f 
-Q= 
R3J 
KG 
- 


o 
100(50) 
RS+R6' 
n- 
0, 
R2 
RS+R6' 
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• 


I 
IClK 
rR2. I 
IClK. 
Q 
R3 rR2. H 
- R2/Rl 
0= 
100(50) VI + il4' 
"= 
100(50)' 
= iUV1 + il4' 
OlP= 
1 + (R2/R4) 


H 
(f-O) 
- - ~ I 
1 + R6/(R5 + R6) 
I· H 
(f- 
IClK) 
R2/Rl 
ON' 
- 
Rl 
1 + (R2/R4) + [R6/(R5 + R6)) 
,ON' 
2 
= - 


H 
ff 
0) - 
R21 
R6/fRS + R6) 
I .H 
(1- 
IC 
2LK) = - R2/Rl 
ON' 
- 
- - R1 
(R2/R4) + [R6/(R5 + R6)J 
' 
ON' 
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In mode 3, Figure 24, a single resistor ratio (R2/R4) can 
tune the center frequency 
below or above the fCLK/1 00 (or 


feLK/50) ratio. Mode 3 is a state variable configuration 
since it provides a highpass, bandpass, lowpass output 
through 
progressive integration; 
notches are obtained 
by 


summing the highpass and lowpass outputs (mode 3a, 
Figure 25). The notch frequency 
can be tuned below or 


above the center frequency through the resistor ratio (Rh/ 
Rt). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 33, shows the 2 sec- 
tions connected 
in mode 3a to obtain a clock tunable 4th 


order sharp elliptic 
bandpass filter. The first notch is cre- 


ated by summing directly the HP and LPoutputs of the first 
section into the inverting input of the second section op 
amp. The individual 
Q's are 29.6 and the filter maintains 
its shape and performance 
up to 20kHz center frequency, 


as shown in Figure 34. For this circuit an external op amp 
is required to obtain the 2nd notch. The dynamics of 
Figure 34 show that the amplitude 
response at each output 


pin does not exceed OdB. The gain in the passband 


depends on the ratio of (Rg/Rh2)x (R22/Rhl) x (R21/R11). 
Any gain value can be obtained 
by acting on the (Rg/Rh2) 


ratio of the external op amp, the remaining 
ratios are 


adjusted for optimum 
dynamics of the output 
nodes. The 


external op amp of Figure 33 is not always required. 
In 


Figure 35, one section in mode 3a is cascaded with the 
other section in mode 2b to obtain a 4th order, 1dB ripple, 
elliptic 
bandreject filter. The clock to center frequency 


ratio is adjusted to 200:1; this is done in order to better ap- 
proximate a linear R,C notch filter. The amplitude 
re- 
sponse of the filter is shown in Figure 36 with up to 1MHz 
clock frequency. 
The OdB bandwidth 
to the stop band- 
width ratio is 8/1. When the filter is centered at 1kHz, it 
should theoretically 
have a 44dB rejection with a 50Hz 
stop bandwidth. 
For a more narrow filter than the above, 


the unused BP output of the mode 2b section, Figure 35, 
has a gain exceeding unity which 
limits the dynamic 
range 


of the overall filter. For very selective bandpass/band reject 
filters, the mode 3a approach as in Figure 25, yields better 
dynamic 
range since the external op amp helps to opti- 


mize the dynamics of the output nodes of the ML211 O. 


III 


Figure 24. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, lowpass 


1/2 Ml2110 


f 
: 
~ 
1Bi. f 
- 
~ 
/&. 
- _ 
I· 
- _ 
/ 
- 
o 
100(50lVR4' 
n- 
100(50lVRi,HoHP- 
R2Rl,H08P- 
R3Rl,HOlP--R4/Rl 
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Figure 25. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, low pass, Notch 
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Figure 29. Mode 6a: 1st Order Filter Providing Highpass, 
lowpass 
• 


Figure 28. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, lowpass 


Figure 31. Mode 7: 1st Order Filter Providing Allpass, 
lowpass 
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OdB 


Your 
-SdB 
R61 
RS1 
1 lPA 
-10dB 
R31 


2 BPA 
-=- 
R62 
R12 


R21 


3 NA 
-lSdB 


R11 
V'N 
4 
- 20dB 


- 2SdB 


V·:::: +5V 


/ 
.-SOHz+ 
\ 
fCL~ =40~Hz 


/ 
\ 
/ 
\ 
/ 
\, 
/ 
"'.•... 


"'" 


O.9kHz 
1kHz 
101kHz 


OdB 


-SdB 


T'l OR CMOS CLK IN 


-10dB 
PRECISE RESISTOR VALUES 
Rll = 149.SSk 
R12=44.1k 
-lSdB 
R21 =4.988k 
R22:4.999k 
R31 = 149.73k 
R32 = 143.Sk 


RS1 = 2.S38k 
RS2 = 2.498k 
-20d8 
R61 = 2.49Sk 
R62=4.331k 


-2Sd8 


18kHz 
19kHz 
20kHz 
21kHz 
22kHz 


Figure 32. Cascading the 2 sections connected in mode lb to obtain a clock tunable 4th order ldB ripple 
bandpass Chebyshev filter with (center frequency)/(Ripple 
Bw)= 20/1. 


-SV 


v+ = + 5V 


R11 = lSS.93k 
Rhl = 13.2k 
R42 = Sk 


RESISTOR VALUES 
R21 = Sk 
R31 = lS2k 
RI1= 10.74k 
R22: 
S.26k 
Rlz=6.11k 
Rhz=Sk 


R41 • S.27k 
R32.1S1oBk 
Rg= 37.3k 


Non, 
FOR CLOCK FREQUENCIES ABOVE 700kHz 
A 12pF CAPACITOR ACROSS R41 AND A 20pF 


CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL 
PEAKING. 


Figure 33. Combining mode 3 with mode 3a to make the 4th order BPfilter of Figure 34 with improved 
dynamics. The gain at each node is ,.;;OdBfor all input frequencies. 
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r "\ 
I 
\ 


ICLK: 
100kHz 


I 
- 
\ 
- 
'\ 
/ 


r "\ 
I 
\ 
fClK=lMHz 


\ 
- 


1\ - 
'\ 
\ / 
\ 
\, 
• 


Rll : 60k 
R41 : 28.84k 
R52: 5k 
R32.455.75k 


RESISTOR 
VALUES 
R21 .5k 
RhT = 5k 
R62.1.59k 
R42 : 503.85k 


R31 .54.75k 
RIT: 19.3k 
R22 = 60k 


Figure 35. Combining mode 3 with mode 2b to create a 
4th order BPelliptic filter with ldB ripple and a ratio of 
Odb to stop bandwidth equal to 8/1. 
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1\ 
I 


f~~K::: 2c;o; inK:S 
lMHz 


V 


~-20 
:sz 
~J -30 


-60 


0.7 
0.8 
0.9 
10.1.0 
1.1 
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1.3 


INPUT 
FREQUENCY 
NORMALIZED 
TO FILTER CENTER 
FREQUENCY 


Figure 36. Amplitude Response of the Notch Filter of 
Figure 35. 
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Ml2110 


Switched capacitor 
integrators generally exhibit higher in- 


put offsets than discrete R,C integrators. 


These offsets are mainly the charge injection 
of the CMOS 


switches into the integrating capacitors. The internal op 
amp offsets also add to the overall offset budget. 


Figure 37 shows half of the ML211 0 filter with its equiva- 
lent input offsets Vasl, 
Vas2, Vas3· 


The DC offset at the filter bandpass output is always equal 
to Vas3. The DC offsets at the remaining two outputs 


(Notch and LP) depend on the mode of operation 
and ex- 


ternal resistor ratios. Table 3 illustrates this. 


It is important 
to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic 
range. As a rule of thumb, the output DC offsets 


increase when: 
1. The Q's decrease 
2. The ratio (fCLK/fo)increases beyond 100:1. This is done 


by decreasing either the (R2/R4) or the R6/(RS+ R6) 
resistor ratios. 


Figure 37. 
Equivalent 
Input 
Offsets 
of 1/2 Ml2110 
Filter 


Table 3 


VOSN 
VOSBP 
VOSlP 


MODE 
PIN 3 (18) 
PIN2(19) 
PIN 1 (20) 
1,4 
VOS1[(1/Q) 
+ 1 + IIHOlPIl]- 
VOS3/Q 
VOS3 
VOSN - VOS2 
1a 
Vos1[1 
+(1/Q)]-VOS3/Q 
Vos3 
VOSN - VOS2 
1b 
VOS1[(1/Q) 
+ 1 + R2/Rl]- 
VOS3/Q 
VOS3 
-(VOSN-VOS2) 
(1 + RS/R6) 


1c 
Vosd(1/Q) 
+ 1 + R2/Rl]- 
VOS3/Q 
VOS3 
(V 
V) 
(RS+R6) 


- 
OSN- 
OS2 (RS+2R6) 


ld 
Vos1[1 
+R2/Rl] 
VOS3 
VOSN- VOS2- VOS3/Q 


2, S 
[Vos1(1 +R2/Rl 
+R2/R3+R2/R4)-Vos3(R2/R3)]x 
VOS3 
VosN- 
VOS2 


[R4/(R2 + R4)] + Vos2 [R2/(R2 + R4)] 


2a 
[Vos1(1 
+R2/R1 
+ R2/R3 + R2/R4)-VOS3(R2/R3)] 
x 
Vos3 
(V 
V) 
(RS + R6) 


[ 
R4(1+k) 
I 
V 
[ 
R2 
I.k- 
R6 
- 
OSN- 
OS2 (RS+2R6) 


R2+R4(1 
+k) 
+ 
OS2 
R2+R4(1 
+k) 
, 
- RS+R6 


2b 
[VosI(l 
+ R2/R1 + R2/R3+ 
R2/R4) - VOS3(R2/R3)]x 


[ 
R4k 
I 
V 
I 
R2 
j.k- 
R6 
VOS3 
-(VosN-Vos2)(1 
+ RS/R6) 


R2 + R4k 
+ 
OS2 
R2 + R4k 
,- 
RS + R6 


3,4a 
VOS2 
VOS3 
[ 
R4 
R4 
R41 
( R4 ) 
VOSl 
1 +-+-+- 
-VOS2 
- 


Rl 
R2 
R3 
R2 


- VOS3 (:;) 


ORDERING 
INFORMATION 


PART NUMBER 
TEMP. RANGE 
PACKAGE 
PART NUMBER 
TEMP. RANGE 
PACKAGE 


ML2110BCP 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML2110BMJ 
-SsoC 
to +12SoC 
HERMETIC 
DIP U20) 


ML2110CCP 
O°C to +70°C 
MOLDED 
DIP (P20) 
ML2110CMJ 
-SsoC 
to +12SoC 
HERMETIC 
DIP (J20) 


ML2110BCS 
O°C to +70°C 
MOLDED 
SOIC 
(S20W) 
ML2110BIP 
-40°C 
to +8SoC 
MOLDED 
DIP (P20) 


ML2110CCS 
O°C to +70°C 
MOLDED 
SOIC 
(S20W) 
ML2110ClP 
-4Q°C 
to +8SoC 
MOLDED 
DIP (P20) 


ML2110BIJ 
-40°C 
to +8SoC 
HERMETIC 
DIP (J20) 
ML2110BIS 
-40°C 
to +8SoC 
MOLDED 
SOIC 
(S20W) 


ML2110CIj 
-4Q°C 
to +8SoC 
HERMETIC 
DIP (J20) 
ML2110CIS 
-40°C 
to +85°C 
MOLDED 
SOIC 
(S20W) 
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'Micro 
Linear 
ML2111 


Universal Hi-Frequency 
Dual Filter 


The ML2111 consists of two independent 
switched capaci- 
tor filters that operate up to 150kHz. These filters perform 
second order functions, 
such as low pass, bandpass, high- 
pass, notch and allpass. All filter configurations, 
including 
Butterworth, 
Bessel, Cauer and Chebyshey can be formed. 


The center frequency 
of these filters are tuned by an ex- 


ternal clock or the external clock and a resistor ratio. 


The ML2111 frequency 
range up to 150kHz is specified 


with ± 5.0V ± 10% power supplies. Using a single 
5.0V± 10% power supply the frequency 
range is up to 
100kHz. 


These filters are ideal where center frequency accuracy 
and high Qs are needed. 


The ML2111 is a pin compatible 
superior replacement 
for 


MFlO, LMF100, and LTC1060 filters. 


• Guaranteed 
frequency 
range to 150 kHz 


• Centerfrequency 
x Q product 
~ 5 MHz 


• Separate high pass, notch, allpass, bandpass, and 


lowpass outputs 


• Centerfrequency 
accuracy 
±0.4% 
or ±0.8% 
max 


• Q accuracy 
±4%, 
or ±8% 
max 


• Clock inputs TIL or CMOS compatible 
• Single 5 V (± 2.25 V) or ± 5 V ± 10% supply operation 
guaranteed 
• O°Cto 
+70°C, 
-40°C 
to +85°C, 
-55°Cto 
+125°C 


operating 
temperature 
range 


• Standard 0.3" 20-pin DIP or 20-pin small outline 


(SOIC) package 
• 
PIN CONNEGIONS 


ML2111 
20-PIN DIP 


lPA 
lP. 


BPA 
BP. 


N/AP/HPA 
N/AP/HP. 


INVA 
INY. 


S1A 
Sl. 


SAi. 
AGND 


YA+ 
YA- 


Yo+ 
Yo- 


lSh 
50/100/HOLD 


ClKA 
ClK. 


TOPYIEW 


Ml2111 
20-PIN SOIC 


lPA 


BPA 


N/AP/HPA 


INVA 


SlA 


SAi. 


YA+ 


Yo+ 


lSh 


ClKA 


lP. 


BP. 


N/AP/HP. 


INY. 


S1. 


AGND 


YA- 
Yo- 


50/100/HOLD 


ClK. 
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Lf'A 
Lowpass OUlpUl rur 
JVI IVV/I 
r •••••..••.• 
...., 
•. ',... •.•~ 1'-'''' 
•.•................ 
~ ..... 
- 


biquad A. 
clock to center 


2 
BPA 
Bandpass output for 
frequency 
ratio of 50:1 or 


biquad A. 
100: 1, or stops the clock 


3 
N/AP/HPA 
Notch/allpass/highpass 
to hold the last sample of 


output for biquad A. 
the bandpass or lowpass 


4 
INVA 
Inverting input of the 
outputs. 


summing op amp for 
13 
Vo- 
Negative digital supply. 


biquad A. 
14 
VA- 
Negative analog supply. 


5 
S1A 
Auxiliary 
signal input pin 
15 
AGND 
Analog ground. 


used in modes la, 1d, 4, 
16 
S1s 
Auxiliary 
signal input 
5, and 6b. 
used in modes 1a, 1d, 4, 


6 
SAiS 
Controls S2 input 
5, and 6b. 


function. 
17 
INVs 
Inverting input of the 


7 
VA+ 
Positive analog supply. 
summing op amp for 


8 
Vo+ 
Positive digital supply. 
biquad B. 


9 
lSh 
Reference point for clock 
18 
N/AP/HPs 
Notc h/a IIpass/high pass 


input levels. logic 
output for biquad B. 


threshold typically 
1.4V 
19 
BPs 
Bandpass output for 


above lSh voltage. 
biquad B. 


10 
ClKA 
Clock input for biquad A. 
20 
lPs 
lowpass output for 


11 
ClKs 
Clock input for biquad B. 
biquad B. 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 1) 


Supply Voltage 


IvA+I, IVD+!-IvA-I, 
IvD-1 
BV 


VA+, 
VD+ to LSh 
BV 
Inputs....... 
.lvA+, vD+I+0.3Vto 
IvA-, vD-I-0.3V 


Outputs 
lvA+, vD+I+O.3Vto 
IvA-, 
VD-I-o.3V 


IvA+1 to IVD+I... 
. 
±0.3V 
Power Dissipation. 
. 
750mW 
Storage Temperature 
Range. . 
. .. - 65°C to 150°C 
Lead Temperature 
(soldering, 
10 sec). . 
. 
300°C 


Temperature 
Range (Note 2) 
ML2111 BCP, ML2111CCP, 
ML2111 BCS, ML2111CCS. 
. . 
. .. O°C to 70°C 
ML2111 BIL ML2111CIj. 
. . . 
. . -40°C 
to +85°C 
ML2111BMLML2111CMJ... 
-55°Cto 
+125°C 
Supply Voltage 
Range 
.•......•.... 
±2.25V 
to ±6.0V 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA - TMIN to TMAX,VA + = Vo+ 
- 5V ± 10%, VA - ~ Vo - ~ - 5V ± 10%, CL ~ 25pF, VIN ~ 1.4 1VPK 
(1.00 VRMS),Clock Duty Cycle 45% to 55%. 


PARAMETER 


Filter 


fa, Center 
Frequency 
5,6 
Figure 15 (Mode 
1) 
Maximum 
VIN - 1VPK (.707 VRMS) 
Q:s 50, Q Accuracy 
:s ± 25% 
100 
100 
kHz 


Q:s 20, Q Accuracy 
:s ± 15% 
150 
150 
kHz 


fa, Center Frequency 
5,6 
Figu re 15 (Mode 
1) 


Minimum 
Q:s 50, Q Accu racy:s ± 30% 
25 
25 
Hz 
Q:s 20, Q Accuracy:s 
± 15% 
25 
25 
Hz 


fa, Temperature 
fCLK<5MHz 
-10 
-10 
ppm/oC 


Coefficient 


Clock to Center 
Q-10 
Frequency 
Ratio 
Figure 15 (Mode 
1) 


4 
50:1, fCLK-5MHz 
49.65 
49.85 
50.05 
49.45 
49.85 
50.25 
4 
100:1, feLK-5MHz 
99.60 
100 
100.40 
99.20 
100 
100.80 
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ELEORICAL 
CHARAOERISTICS 
(Continued) 


Unless otherwise 
specified 
TA = TM1Nto TMAJVVA+ = VD+ = 5V ± 10%, VA- = VD- = -5V ± 10%, CL = 25pF, 
V1N= 1.41VPK(1.00 VRMS),Clock Duty Cycle 50% (Note 8). 


PARAMETER 


Filter (Continued) 


Clock Frequency 
5 
Q:520, 
QAccuracy:5 
±15% 
2.5k 
7.5M 
2.5k 
7.5M 
Hz 


Clock Feedthrough 
5 
feLK:55MHz 
10 
20 
10 
20 
mV(p-p) 


QAccuracy 
4 
!elK~5MHz, 
Q-10 
I 50:1 
±3 
±5 
% 


Figure 15 (Mode 1) 
1100:1 
±4 
±8 
% 


Q Temperature 
5 
fClK< 5MHz, 
Q-lO 
20 
20 
ppm/oC 
Coefficient 


DC Offset 
50: 1, !elK - 5MHz 
VOS2.3 
4 
5A1B High 
7 
40 
7 
60 
mV 


VOS2.3 
4 
5A1B Low 
7 
40 
7 
60 
mV 


DC Offset 
100:1, fClK-5MHz 


VOS2.3 
4 
5A1B High 
14 
60 
14 
100 
mV 


VOS2, 3 
4 
5A1B Low 
14 
60 
14 
100 
mV 


Gain Accuracy 
DC Lowpass 
4 
R1 - 20k, R2 - 2k, R3 - 20k 
0.01 
2 
0.01 
2 
% 


Bandpass at fo 
4 
100:1, fo-50kHz, 
Q-10 
1 
4 
1 
6 
% 


DC Notch Output 
5 
0.02 
2 
0.02 
2 
% 


Noise 
7 
Figure 15 (Mode 1) 
Q-l,R1-R2~R3~2k 
Bandpass, 
100kHz, 
50:1 
103 
103 
/LVRMS 


50kHz, 
100:1 
121 
121 
/LVRMS 


Lowpass, 
100kHz, 
50: 1 
120 
120 
/LVRMS 
50kHz, 
100:1 
150 
150 
"VRMS 
Notch, 
100kHz, 
50:1 
115 
115 
/LVRMS 


50kHz, 
100:1 
135 
135 
/LVRMS 


Figu re 15 (Mode 1) 
Q-10,R1 
- R3-20k,R2-2k 
Bandpass, 
100kHz, 
50:1 
262 
262 
/LVRMS 


50kHz, 
100:1 
333 
333 
/LVRMS 


Lowpass, 
100kHz, 
50: 1 
268 
268 
/LVRMS 
(Rl-2k) 
50kHz, 
100:1 
342 
342 
"VRMS 


Notch, 
100kHz, 
50:1 
64 
64 
/LVRMS 


(Rl-2k) 
50kHz, 
100:1 
72 
72 
/LVRMS 


Crosstalk 
fClK - 5MHz, fo -100kHz 
-50 
-50 
dB 
• 


-_ ..- 


fo, Center Frequency 
5 
Figure 15 (Mode 1) 
Maximum 
Q:550, 
QAccuracy:5 
±30% 
75 
75 
kHz 


Q :520, Q Accuracy 
:5 ± 15% 
100 
100 
kHz 
fo, Center Frequency 
5 
Figure 15 (Mode 1) 
Minimum 
Q:550, 
QAccuracy:5 
±30% 
25 
25 
Hz 


Q :520, Q Accuracy:5 
± 15% 
25 
25 
Hz 
Clock to Center 
Q-lO 


Frequency 
Ratio 
Figure 15 (Mode 1) 


4 
50:1, fClK-2.5MHz 
49.65 
49.85 
50.05 
49.45 
49.85 
50.25 


5 
100:1, fClK~2.5MHz 
99.60 
100 
100.40 
99.20 
100 
100.80 


Clock Frequency 
5 
Q:520,QAccuracy:5±15% 
2.5k 
5M 
2.sk 
5M 
Hz 


QAccuracy 
4 
feLK-2.5MHz,Q-10[ 
50:1 
±4 
±8 
% 


Figu re 15 (Mode 1) 
[100:1 
±3 
±6 
% 
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ML2111 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Unless 
otherwise 
specified 
TA = TMIN to 
TMAl(, VA+ = VD+ = 5V ± 10%, 
VA- = VD- 
= -5V ± 10%, 
CL = 25pF, 
VIN = 1.41VPK 
(1.00 
VRMS), Clock 
Duty 
Cycle 
50% 
(Note 
8). 
. 


, 
- 
- 
, 
- 
- 
, 


Noise 
7 
Figure 15 (Mode 
1) 
Q~1,R1 
~R2-R3-2k 


Bandpass, 
100kHz, 
50: 1 
105 
105 
/,VRMS 


50kHz, 
100: 1 
123 
123 
I'VRMS 


lowpass, 
100kHz, 
50:1 
122 
122 
/,VRMS 


50kHz, 
100:1 
152 
152 
/,VRMS 


Notch, 
100kHz, 
50:1 
117 
117 
/,VRMS 


50kHz, 
100:1 
138 
138 
/,VRMS 


Figure 15 (Mode 
1) 
Q~ 
10,Rl - R3 -20k,R2- 
2k 


Bandpass, 
100kHz, 
50:1 
265 
265 
/,VRMS 


50kHz, 
100:1 
335 
335 
/,VRMS 


lowpass, 
100kHz, 
50:1 
270 
270 
/,VRMS 


(Rl-2k) 
50kHz, 
100: 1 
245 
245 
/,VRMS 


Notch, 
100kHz, 
50: 1 
65 
65 
/,VRMS 


(Rl ~2k) 
50kHz, 
100:1 
73 
73 
/,VRMS 


Vas DC Offset 
4 
2 
15 
2 
15 
mV 


DC Open 
loop 
Gain 
RL-lk 
95 
95 
dB 


Gain 
Bandwidth 
2.4 
2.4 
MHz 
Product 


Slew Rate 
2.0 
2.0 
VII's 


Output 
Voltage 
5 
RL~2k, IVI from VA+ orVA_ 
0.5 
1.2 
0.5 
1.2 
V 
Swing 
(Clipping 
level) 


Output 
Short Circuit 
Source 
50 
50 
mA 
Current 
Sink 
25 
25 
mA 


Su pply Cu rrent 
4 
feLK-5MHz 


(IA+)+(I0+) 
13 
22 
13 
22 
mA 


(IA-)+(I0-) 
12 
21 
12 
21 
mA 
ILSH 
0.5 
1 
0.5 
1 
mA 


VCLKInput Threshold 
4 
fCLK~5MHz 
low 
0.6 
0.6 
V 


High 
3.0 
3.0 
V 
5 
fCLK<2.5MHz 
low 
0.8 
0.8 
V 


High 
2.0 
2.0 
V 
ClKA, 
ClKB Pulse 
5,8 
CLK High orIlVo+I-lvo-I>4.5V 
100 
100 
ns 


Width 
ClK low 
nVo+ 1-IVo-1 
>9.0V 
66 
66 
ns 


Note 1: 
Absolute 
maximum 
ratings are limits beyond 
which 
the life of the integrated 
circuit 
may be impaired. 
All voltages 
unless 
otherwise 
specified 
are 
measured 
with 
respect 
to ground. 


Note 
2: 
-55°C 
to +125°C 
operating 
temperature 
range 
devices 
are 100% tested 
at temperature 
extremes 
with 
worst-case 
test conditions. 
DOC 
to 
70°C and -40°C to +85°C operating 
temperature 
range 
devices 
are 100% tested 
with temperature 
limits guaranteed 
by 100% testing, 
sampling, 
or by correlation 
with 
worst-case 
test conditions. 
Note 
3: 
Typicals 
are parametric 
norm 
at 25°C. 


Note 4: 
Parameter 
guaranteed 
and 100% production 
tested. 


Note S: 
Parameter 
guaranteed. 
Parameters 
not 100% tested 
are not in outgoing 
quality 
level calculation. 
Note 6: 
Center 
frequency 
is defined 
as the peak of the bandpass 
output. 


Note 7: 
The noise 
is measured 
with the HP8903A audio 
analyzer 
with a bandwidth 
of 750kHz which 
is 7.5 times the fa at 50:1 and 15 times 
the fo at 100:1. 
Note 8: 
For best performance 
with fOlK> 2.5MHz use a 50% duty cycle. 
Note 
9: For TA = -55°C 
to +125°C; 
VA+ = Vo+ = 2.375V, 
VA- = Vo- = -2.375V 
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POWER 
SUPPLIES 


The analog (VA +) and digital (VD+) supply voltage pins 
should be tied together and bypassed to AGND with at 
least a O.lI'F and a O.OlI'F disc ceramic capacitor. 
If high 


digital noise exists, the supply pins can be bypassed sepa- 
rately. The ML2111 positive analog and positive digital 
supply pins are internally connected 
by the IC substrate 


and should be biased from the same DC source. The 
ML2111 negative analog and negative digital supply are 
not connected 
internally, 
however they should be biased 


from the same DC source and bypassed with at least a 
O.lI'F and a O.OlI'F disc ceramic capacitor. 


The ML2111 operates with a single supply from 4V to 12V 
and with split supplies from ± 2.0V to ± 6V. 


CLO!=K INPUT PINS AND LEVEL SHIFT 


With dual supplies equal to or higher than ±4.0V, the 
level shift (LSh) pin 9 can be connected 
to the same 
potential as the AGND or VA - pin. With single supply 
operation, 
the negative supply pins and the LSh pin should 


be tied to the system ground. The AGND, 
pin 15, should 


be biased at 1/2 supplies. Under these conditions, 
the 


clock levels are TIL or CMOS. The input clock pins 
(10,11) share the same level shift pin. 


50/100/HOLD 
(Pin 12) 


By tying pin 12 to (VA +, VD +) the filter operates in the 
50: 1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGND potential), 
the ML2111 operates in the 100:1 


mode. The range of pin 12 without 
affecting the 100:1 


filter operation 
with total supply voltage of + 5V is 


2.5 ±0.5V; 
+ lOV is 5V±0.5V. 
When pin 12 is tied to the 
negative supply pin, the filter operation 
is stopped and the 
bandpass and lowpass outputs act as an S/H circuit hold- 
ing the last sample. 


SlA, 
S18, (Pins 5 and 16) 


These are the auxiliary voltage signal input pins always con- 
nected to one of the negative inputs of the voltage summer 
(the other negative input switches between LPo and AGND 
according to control pin SNB(pin 6). The positive input of 
the voltage summer is always connected to N/AP/HP pin of 
the corresponding 
section. They should be driven with a 


source impedance below 5k for fCLK< 2.5MHz and 1k to 2k 
forfCLK>2.5MHz. 
The SlA, Sl Bpins can be used to alter 


the clock to center frequency ratio (fCLK/fo)of the filter (see 
modes 1b, 1c, 2a, 2b) or to feedforward the input signal for 
allpass filter configurations 
(see modes 4 and 5). They can 


also be used, as in mode 1d to avoid the finite phase shift 
through the input amplifier, hence allowing higher operat- 
ing frequencies. When these pins are not used, they should 
be tied to the AGND pin. 


SA/8(Pin 6) 


When SAiBis high, the S2 negative input of the voltage 
summer is tied to the lowpass output. When the SAiBpin is 
connected 
to the negative supply, the S2 input switches to 


ground. 


AGND 
(Pin 15) 


AGND 
is connected 
to the system ground for dual supply 


operation. 
When operating with a single positive supply, 


the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a O.lI'F and a O.OlI'F disc ceramic 
capacitor. 
The positive inputs of the internal op amps and 
the reference point of the internal switches are connected 
to the AGND 
pin. 


fCLK/fo RATIO 


The ML2111 is a sampled data filter and approximates 
continuous 
time filters. The filter deviates from its ideal 
continuous 
filter model when the (fCLK/fo)ratio decreases 


and when the Qs are low. 
• 
fo x Q PRODUCT 
RATIO 


The fo x Q product of the ML2111 depends on the clock 
frequency 
and the mode of operation. 
For clock frequen- 


cies below 5MHz, in mode 1 and its derivatives, the 
foxQ 
product is mainly limited by the desired fo and Q 
accuracy. For the same clock frequency 
and for the same 


Q value the foxQ 
product can be further increased if the 


clock to center frequency 
ratio is lowered below 50:1. 


Mode 3, Figure 23, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1.The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 


OUTPUT 
NOISE 


The wideband 
RMS noise of the ML2111 outputs is nearly 


independent 
from the clock frequency 
provided that the 


clock itself does not become part of the noise. The noise 
at the BP and LPoutputs increases for high Qs. 
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Figure 2A. fClK/fo Deviation vs. Temperature (50:1, 
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Figure 2C. fClK/fo Deviation vs. Temperature (50:1, 
Vs= ±2.5V) 


Figure 20. fClK/fo Deviation vs. Temperature (100:1, 
Vs= ±2.5V) 
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Figure 38. Q Deviation vs. Temperature (100:1, 
Vs= ±5V) 
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Figure 3D..Q Deviation vs. Temperature (100:1, 
Vs= ±2.5V) 
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vs. Q (50:1, Vs= ±5V) 
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Each filter of the ML2111 with an external clock and resis- 
tors approximates 
2nd order filter functions. These are 


tabulated 
below in the frequency domain. 


1. Bandpass function: 
available at the bandpass output 


pins (2, 19), Figure 12. 


swolQ 


G(s) - HOBP 
, 
, 
s +(swa/Q)+wa 


~ 
HOBP 


Z 
0.707 
HOBP 


:;;: 
'-' 


fa - wal27r; fa is the center frequency 
of the com- 


plex pole pair. fa is measured as the peak fre- 
quency of the bandpass output. 


IL:lo(id + )(2~)'.1) 


IHm 10 (2~ 
+ 
) (2~ ) 2+ ,) 


Q - Quality factor of the complex 
pole pair. It is the 


ratio of fa to the - 3dB bandwidth 
of the 2nd 


order bandpass function. 
The Q is always 
measured at the filter BP output. 


2. low pass function: 
available at the LPoutput pins 


(1,20), Figure 13. 


w' 
G(S)=HOLP 
a 
s'+s(wolQ) 
+ w~ 


~ 
Hop 
C: 
HOlP 
Z 0.707 HOlP 
:;;: 
'-' 


HOLP- DC gain of the LPoutput. 


3. Highpass function: 
available only in mode 3 at the out- 


put pins (3, 18), Figure 14. 


s' 
G(s) - HOHP ------ 
s'+s(wolQ) 
+w~ 


. 
fCLK 
HOHP=galn ofthe 
HP output forf- 
2 


4. Notch function: 
available at pins 3 (18) for several 


modes of operation. 


(s'+w'n) 


G(s) - (HON2) 
------ 
s' + s(wa/Q) 
+ w~ 


. 
fCLK 
HoN2-galn 
of the notch output forf- 
2 


HOp"" 
HOlP 
x 
FF;-' 
.1... 
1 __ 
'_ 


Q 
4Q2 


fn - wn/27r;fn is the frequency 
ofthe 
notch 


occurrence. 


~ 
HOp 


;> 
HOHP 


Z 0.707 HOHP 
:;;: 
'-' 


5. Allpass function: 
available at pins 3(18) for mode 4, 4a. 


G() 
H 
[s'-s(wa/Q)+w~l 


s - 
OAP 
S' + s(wolQ) 
+ w~ 


HOAP=gain of the allpass output for O<f< 
fC~K 


For aI/pass functions, 
the center frequency 
and the Q of 


the numerator 
complex 
zero pair is the same as the 


denominator. 
Under these conditions, 
the magnitude 
re- 
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator 
complex zero pair, is different than fa. 


For high numerator Q's, the magnitude 
response will have 


a notch at fz. 


Ie=fox 
[)(1- 
2~2) 
+ 
)(,- 
2~2) '., r 


Ip=fox 
[),- 
2~2 ] 


HOp=HOHPX 
-FF;-' 
i. ,_~ 
Q 
4Q 
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MODE 
PIN 2 (19) 
PIN 3(18) 
fc 
. 
fz 


6a 
LP 
HP 
fCLK 
R2 
. 
, 


---x- 
100(50) 
R3 


6b 
LP 
LP 
fCLK 
R2 
---x- 
100(50) 
R3 


7 
LP 
AP 
fCLK 
R2 
fCLK 
R2 
---x- 
---x- 


"0, 
100(50) 
R3 
100(50) 
R3 


Table 2. 
2nd Order Functions 


MODE 
PIN 1 (20) 
PIN 2 (19) 
PIN 3 (18) 
fo 


1 
LP 
BP 
Notch 
fCLK 


100(50) 


1a 
LP 
BP 
BP 
fCLK 


100(50) 


1b 
LP 
BP 
Notch 
fCLK 
-V 
R6 
fCLK 
-V1 
R6 


100(50) x 
1 + 
R5 + R6 
100(50) x 
+ 
R5 + R6 . • 


1c 
LP 
BP 
Notch 
fCLK 
~ 
fCLK 
~ 
100(50) x 
R5 + R6 
100(50) x 
R5 + R6 


1d 
LP 
BP 
fCLK 


100(50) 


2 
LP 
BP 
Notch 
f 
CLK 
Ff!i 
fCLK 
100(50) x 
1 + R4 
100(50) 


2a 
LP 
BP 
Notch 
fCLK 
...j 
R2 
R6 
fCLK 
-V1 
R6 


100(50) x 
1 + R4 + 
R5+ R6 
100(50) x 
+ 
R5 + R6 


2b 
LP 
BP 
Notch 
fCLK 
-VR2 
R6 
f 
CLK 
~ 
100(50) x 
R4 + 
R5+R6 
100(50) x 
R5 + R6 


3 
LP 
BP 
HP 
f 
CLK 
Jf& 
100(50) x 
R4 


3a 
LP 
BP 
Notch 
fCLK 
.Jfd 
f 
CLK 
Jfi 
100(50) x 
R4 . 
100(50) x 
Rr 


4 
LP 
BP 
AP 
fCLK 


100(50) 


4a 
LP 
BP 
AP 
fCLK 
-JH 
100(50) x 
R4 


5 
LP 
BP 
CZ 
f 
CLK 
Ff!i 
fCLK n 
100(50) x 
1 + R4 
100(50) x 
1 - 
R4 
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There are basically three modes of operation: mode 1, mode 
2, mode 3. In the mode 1, Figure 15,the input amplifier is 
outside the resonant loop. Because of this, mode 1and its 
derivatives (mode la, 1b, 1c, ld) are faster than modes 2 and 
3. The table below gives an approximation of the frequency 
range for each mode. 


Model' 
High FrequencyMode 


1,la, 1d 
faup to 150kHz; Q up to 20" 
1b,lc 
faup to 100kHz; Q up to 30 


Mode 2 
Flexiblefor Notches 


2, 2a,2b 
faup to 30kHz; Q up to 30 


Mode 3 
Most Flexible/LowComponentCount 


3,3a 
faup to 30kHz; Q up to 30 


Q and fo have an inverse 
relationship. 
This table is only 
an 


approximation. 
Actual 
performance 
depends 
on board 
layout 
and stray 
capacitance. 


15% of less Q deviation. 
Higher 
Q's can be realized 
with 
greater 


deviation. 


Mode 1a, Figure 16, represents the most simple hook-up 
of the ML2111. Mode 1a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, 
is equal to the value of Q, and a second order, 


clock tunable, 
BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. 
For high order filters, 
mode 1a is not practical as it requires several clock fre- 
quencies to tune the overall filter response. 


NOTE: ELECTRICAL TESTING IS PERFORMED 
WITH FOLLOWING 
RESISTOR VALUES: 
Q= 
1 WITH R1= R2=R3=2k 
Q=10WITH 
Rl = R3=20k, 
R2=2k 


Figure 15. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 


Mode 1a is a good choice when Butterworth 
filters are de- 
sired since they have poles in a circle with the same fa. 
Figure 31 shows an example of a 4th order 100kHz low- 
pass Butterworth 
filter clocked at 5MHz. 


A monotonic 
passband response with a smooth transition 
band results, showing the circuit's 
low sensitivity, even 


though 
1% resistors are used which 
result in an approxi- 
mate value of Q. 


Mode 1, Figure 15, provides a clock tunable notch. 
Mode 1 is a practical configuration 
for second order clock 


tunable bandpass/notch 
filters. In mode 1, a bandpass out- 
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining 
notch and 


lowpass outputs. Figure 32 is an example of a 4th order 
bandpass filter implemented 
by cascading 2 sections each 
with a Q of 10. This figure shows the amplitude 
response 


when fnK ~ 7.5MHz 
resulting in a center frequency 
of 


150kHz and a Q of 15.5. 


Modes 1band 
1c, Figures 17, 18 are similar. They both 
produce a notch with a frequency which 
is always equal to 


the filter center frequency. 
The notch and the center fre- 
quency can be adjusted with an external resistor ratio. 


The clock to center frequency 
ratio range is: 


500 
fnK 
100 
50 
-~--~-or-' 
mode lc 
1 
fa 
1 
1 ' 


100 
50 
fCLK 
100 
50 
-or-~--~--or--' 
mode lb 
1 
1 
fa 
.J2 
.J2' 


The input impedance 
of the Sl pin is clock depend- 


ent, and in general R5 should not be larger than 5k for 
fnK < 2.5MHz 
and 1k to 2k for fCLK>2.5MHz. 
Mode 1b 


can be used to increase the clock to center frequency 
ratio 
beyond 100: 1. For this mode, the limit for the (fnK/fo) ratio 
is 500:1. Beyond this, the filter will exhibit large output off- 
sets. Mode 1d, Figure 19, is the fastest mode of operation: 
In the 50:1 mode center frequencies 
beyond 150kHz can 
easily be achieved. 
Figure 33 is an example using mode 1d 
of a 4th order filter where each section has a Q of 1 in- 
dependent 
of resistor ratios. In this mode the input ampli- 
fier is outside the damping 
(Q) loop. Therefore, 
its finite 


bandwidth 
does not degrade the response at high fre- 


quency. This allows the amplifier to be used as an anti- 
aliasing and continuous 
smoothing filter by placing a 


capacitor across R2. 


Modes 2, 2a, and 2b have a notch output which fre- 
quency, fn, can be tuned independently 
from the center 


frequency, 
fa. For all cases, however, fn <fa. These modes 


are useful when cascading second order functions to cre- 
ate an overall elliptic highpass, bandpass or notch re- 
sponse. The input amplifier 
and its feedback resistors (R2/ 


R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode l' s. 
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Figure 16. Mode 1a: 2nd Order Filter Providing 
Bandpass, Lowpass 


Figure 17. Mode 1b: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 
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In mode 3, Figure 23, a single resistor ratio (R2/ R4)can tune 
the center frequency below or above the fCLK/lOG(or fCLK/ 
50) ratio. Mode 3 is a state variable configuration since it 
" 


provides a highpass, bandpass, lowpass output through pro- 
gressive integration; notches are obtained by summing the 
highpass and lowpass outputs (modes 3a, Figure 24). The 


notch frequency can be tuned below or above the center 
frequency through the resistor ratio (Rh/RI). Because of this, 
modes 3 and 3a are the most versatile and useful modes for 
cascading second order sections to obtain high order elliptic 
filters with frequencies up to 30kHz. 


• 


fClk!Ri 
feu(. 
JRh 
10 = 
100(50) VR<i' In = 
100(50) VRi' 
HOHP = - R2/R1, HOBP = - R3/Rl, 
HOlP = - R4/Rl 


• 
Rg 
R4 
(, 
leLK) 
Rg' 
R2 
(Rg 
RB 
~ 
HON1(f-0)= 
Ri 
X R1' HON2 
\- 
2 
= Rt; x R1' HON(f=fo)=Q 
RiHOlP- 
Rt;HOHPj 
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• 


Figure 27. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, low pass 
Figure 28. Mode 6a: 1st Order Filter Providing Highpass, 
low pass 


Figure 30. Mode 7: 1st Order Filter Providing Allpass, 
low pass 
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Ml2111 


VIN 
Rll 
2.82Vp-p 


(lVRMS) 


20 
lP. 


8P. 19 


18 
N. 


~~01777HZ 


-3.058dB 


""" 
'" 


'" 


1\ 


17 
INV. 


Sl. 16 


AGND 15 


14-=- 
VA- 
[ 
Ql 
=0.541 
Q2: 
1.302 


~ -30 
z>-40 
-;:. 
:>0-50 
> 
13 
Vo- 


SO/loo 
12 
+ 5V 


elK. 
11 


,,-r---149 
B71Hz 


-0.031dB 


I \ 
/ 
\ 
1\ 
'\ 


/' 
V 
•....... 
~ 


1% RESISTOR 
VALUES 
(ACTUAL 
VALUES USED) 


R21 = 374611 
R22 u 199611 


R31 u 200311 
R32: 
260411 


~-40 
z{-50 


:> 
~-60 


-70 


RESISTOR 
VALUES 
Rl1: 
20kll 
R12 : 20kll 


R21 : 2kll 
R22 = 2kll 


R31 = 20kll 
R33: 
20kll 


Figure 32. Cascading Two Sections in Mode 1, Each With Q = 10 Results in a Bandpass Filter with Q = 15.5 and 
fo = 150kHz <fcLK = 7.5MHz) 


"Micro 
Linear 


~ 


_166224Hz 
-3.121dB 


'" 


r\ 


I' 


=-30 
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5 -50 
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Figure 33. Cascading Two Sections in Mode ld, Each With Q = 1 (Independent 
of Resistor Ratios) Creates a Sharper 4th 


Order lowpass Filter 


1% RESISTOR 
VALUES 
R21=R22= R23= R24=2k 
R32= 4.9k 
R34= loon 
R31= BOk 
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:::!! 
llI!:i 


I~ 
P:ll 
~ r. 


NTEfl 13e •••. 
:::: l:lI 
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6 
•••. 
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Figure 34. Notch Filter with Q = 50 and fo = 130kHz. This Circuit Uses Side A's Biquad in Mode ld and the Side BOp 
Amp to Create a Notch Whose Depth is Controlled by R31. The Notch is Created by Subtracting the Bandpass from V1N• 
The Bandpass of Side A is Subtracted Using the Op Amp of Side B. 
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Switched 
capacitor 
integrators 
generally 
exhibit 
higher 
in- 
put offsets 
than 
discrete 
R, C integrators. 


These 
offsets 
are mainly 
the charge 
injection 
of the CMOS 


switches 
into 
the 
integrating 
capacitors. 
The internal 
op 


amp 
offsets 
also add to the overall 
budget. 


Figure 
35 shows 
half of the 
ML2111 
filter 
with 
its equiva- 


lent 
input 
offsets 
YOS1, YOS2, YOS]· 


The 
DC offset 
at the filter 
bandpass 
output 
is always 
equal 


to YOS]. 
The 
DC offsets 
at the 
remaining 
two 
outputs 


(Notch 
and 
LP) depend 
on the 
mode 
of operation 
and ex- 


ternal 
resistor 
ratios. 
Table 
3 illustrates 
this. 


It is important 
to know 
the value 
of the 
DC output 
offsets, 


especially 
when 
the filter 
handles 
input 
signals 
with 
large 


dynamic 
range. 
As a rule 
of thumb, 
the output 
DC offsets 


increase 
when: 


1. 
The Q's 
decrease 
2. 
The 
ratio 
(fCLK/fo) increases 
beyond 
100:1. 
This is done 


by decreasing 
either 
the 
(R2/R4) 
or the 
R6/(R5 + R6) 


resistor 
ratios. 


Figure 35. 
Equivalent 
Input Offsets of 1/2 ML2111 Filter 


Table 3 


VOSN 
VosuP 
VOSLP 
MODE 
PIN 3 (18) 
PIN 2 (19) 
PIN 1 (20) 


1,4 
Vos1[(l/Q)+ 
1 + IIHOLplI)- 
Vos3/Q 
VOS3 
VOSN-VOS2 


1a 
Vos1[1 +(l/Q)]- 
Vos3/Q 
VOS3 
VOSN-VOS2 


1b 
Vos1[(lIQ)+ 
1 + R2/R1]- 
Vos3/Q 
VOS3 
- (VosN - VOS2)(l + RS/R6) 


1c 
Vos1[(l/Q)+ 
1 + R2/Rl]- 
Vos3/Q 
VOS3 
(V 
V) 
(RS+R6) 


- 
OSN- 
OS2 (RS+2R6) 


1d 
Vos1[1 +R2/R1] 
VOS3 
VOSN- VOS2- Vos3/Q 


2,5 
[VOSl (l + R2/R1 + R2/R3 + R2/R4) - Vos3(R2/R3)] x 
VOS3 
VOSN-VOS2 


[R4/(R2 + R4)] + VOS2[R2/(R2 + R4)] 


2a 
[Vos1(1 + R2/R1 + R2/R3+ R2/R4) - VOS3(R2/R3)] x 
VOS3 
(V 
V) 
(RS+R6) 


[R4(1+k)] 
V 
[ 
R2 
j'k 
R6 
- 
OSN- 
OS2 (RS+ 2R6) 


R2 + R4(1 + k) 
+ 
OS2 
R2 + R4(1 + k) 
, 
- 
R5 + R6 


2b 
[Vos1 (l + R2/R1 + R2/R3 + R2/R4) - VOS3(R2/R3)] x 


[ 
R4k 
1 
V 
[ 
R2 
] .k 
R6 
VOS3 
- (VOSN- Vos2) (1 + RS/R6) 


R2+R4k 
+ 
OS2 
R2+R4k 
,- 
RS+R6 


3,4a 
VOS2 
VOS3 
[ 
R4 
R4 
R4] 
-VOS2 (:~) 
YOSt 
1 +-+-+- 
Rl 
R2 
R3 


- VOS3(:~) 


PART NUMBER 


ML2111BCP 
ML2111CCP 
ML2111BCS 
ML2111CCS 
ML2111BI) 
ML2111CIj 


PACKAGE 


MOLDED 
DIP (P20) 


MOLDED 
DIP (P20) 
MOLDED 
SOIC (S20W) 
MOLDED 
SOIC (S20W) 


HERMETIC DIP U20) 
HERMETIC DIP U20) 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


-4Q°C to +8SoC 
-4Q°C to +8SoC 


PART NUMBER 


ML2111BMJ 
ML2111CMJ 
ML2111BIP 
ML2111C1P 
ML2111BIS 
ML2111CIS 


PACKAGE 


HERMETIC DIP U20) 
HERMETIC DIP (20) 
MOLDED 
DIP (P20) 


MOLDED 
DIP (P20) 


MOLDED 
SOIC (S20W) 


MOLDED 
SOIC (S20W) 


-55°C 
to +12SoC 
-55°C 
to +12SoC 


-4Q°C to +85°C 
-40°C 
to +8SoC 


-4Q°C to +8SoC 
-4Q°C to +8SoC 
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Data Communications 


Section 4 


Selection Guide 
, 
. 


ML26S2 
10 BASE-T Physical Interface Chip 
. 


ML4621 
Fiber Optic Data Quantizer 
. 


ML4622 
Fiber Optic 
Data Quantizer 
. 


ML4624 
Fiber Optic 
Data Quantizer 
. 


ML4632 
Fiber Optic LED Driver 
. 


ML4642 
AUI Multiplexer 
. 


ML4652 
1OBASE-TTransceiver 
. 


ML4654 
1OBASE-TTransceiver for Hubs 
. 


ML4658 
1OBASE-TTransceiver with Autopolarity 
. 


ML4661 
FOIRL Transceiver 
. 


ML4661 EVAL 
FOIRL Evaluation Kit 
. 


ML4662 
1OBASE-FLTransceiver 
. 


ML4662EVAL 
10BASE-FL Evaluation Kit 
. 


ML4663 
Single Chip 1OBASE-FLTranceiver 
. 


ML4663EVAL 
1OBASE-FLEvaluation Kit 
. 


ML6622 
High-Speed Data Quantizer 
. 


ML6632 
High-Speed Fiber Optic LED Driver 
. 


ML6671 
TP-PMD MLT-3 Transceiver 
. 


ML6682 
Token Ring Physical Interface Chip 
. 


4-1 


4-3 


4-21 


4-27 


4-27 


4-35 


4-41 


4-55 


4-71 


4-55 


4-81 


4-91 


4-92 


4-104 


4-105 


4-119 


4-120 


4-125 


4-129 


4-130 


D 
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Selection Guide 


1OBASE-TTranceivers 


Part Number 
Applications 
lED Outputs 
Autopolarity 
Package 
Types 


Ml4652 
Internal 
MAU 
6 
No 
24 Pin Skinny 
DIP 


External 
MAU 
28 Pin PlCC 


Ml4658 
Internal 
MAU 
6 
Yes 
24 Pin Skinny 
DIP 
External 
MAU 
28 Pin PlCC 


Ml4654 
HUB MAU 
5 
Yes 
20 Pin Skinny 
DIP 


28 Pin PlCC 


Ml2652 
PC Card 
7 
Yes 
44 Pin PlCC 
44 Pin TQFP 


Fiber Optic Quantizers 
and lED Drivers 


Part Number 
I/O Types 
Bandwidth 
Package 
Types 


Ml4621 
TIl, 
ECl 
50 MHz 
24 Pin Skinny 
DIP 


28 Pin PlCC 


Ml4622 
TIl, 
ECl 
40 MHz 
16 Pin Skinny 
DIP 
II 
16 Pin Narrow 
SOIC 


Ml4624 
TIl, 
ECl 
40 MHz 
24 Pin Skinny 
DIP 
28 Pin PlCC 


Ml6622 
ECl 
150 MHz 
16 Pin DIP 
16 Pin Narrow 
SOIC 


Ml4632 
TIl, 
ECl 
20 MHz 
14 Pin DIP 
16 Pin SOIC 


Ml6632 
ECL,TIl 
150 MHz 
8 Pin DIP 
8 Pin SOIC 


AUI Multiplexers 


Part Number 
Number 
of Channels 


Token Ring Physical 
Interface 


Part Number 
Application 
Data Rates 


Station 


Concentrator 
4 Mbps 
16 Mbps 


Cable Type 


UTP 
STP 


Package 
Type 


44 Pin TQFP 
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ML6622 
Quantizer 
150 MHz 
Fiber 
16 Pin DIP 
16 Pin Narrow 
SolC 


ML6632 
LED Driver 
150 MHz 
Fiber 
8 Pin DIP 
8 Pin SolC 


ML6671 
MLT-3 Transceiver 
80 MHz 
Shielded 
Twisted 
Pair 
28 Pin SSOP 


Data Grade Twisted 
Pair 


Category 
5 


Evaluation 
Kits 


Part Number 
Kit Includes 
I/O 
LED Outputs 


ML4661 EVAL 
PC Board 
AUI Connector 
Transmit 
ML4662EVAL 
ML Samples 
Fiber Optic 
Receive 
ML4663EVAL 
HFBR2416 
ST Connector 
Jabber 


HFBR1414 
Collision 
Users Guide 
Link Detect 
AUI Connectors 
Power 


Transformers 


Jr~Micro Linear 


,~ 
Micro Linear 


May 1992 
PRELIMINARY 


10Base-T Physical Interface 
Chip 


The ML2652, 
1OBASE-T Physical Interface Chip, is a 


complete 
physical interface for twisted pair and AUI 


Ethernet applications. 
It combines a 1OBASE-TMAU, 


Manchester 
Encoder/Decoder, 
and Twisted Pair Interface 


filters in one monolithic 
IC A complete 
DTE interface for 


twisted pair Ethernet can be implemented 
by combining 


the ML2652, 
an Ethernet controller, 
and transformers. 


The ML2652 
can automatically 
select between an AUI 


and twisted pair interface based on Link Pulses. The 
AUISEL status LED reflects which 
port is active. Receive 


Polarity can also be automatically 
corrected. Seven LED 


outputs provide complete 
status at the physical link. Link 


Test and Receive Polarity can be enabled or disabled 
through the LED outputs. 


The unique transmitter design uses a waveform 
generator 


and low pass filter to meet the 1OBASE-Ttransmitter 
requirements 
without 
the need for an external filter. The 


differential 
current driven output reduces common 
mode 


which 
in turn results in very low EMI and RFI noise. 


The ML2652 
is implemented 
in a low power double 
polysilicon 
CMOS technology. 


• 
Complete physical interface solution 


• 
Conforms to IEEE802.3i-1990 
(lOBase-T) 


• 
On-chip 
transmit and receive filters 


• 
AUI and Twisted Pair interface 


• 
Automatic 
AUI!Twisted 
Pair selection 


• 
Power down mode 


• 
Pins selectable controller 
interface- 


Intel 82586, 82596 
NSC DP8390 
Seeq 8003, 8005 
AMD 7990 
Fujitsu MB86950 


• 
Automatic 
polarity correction 


• 
Pin selectable receive squelch levels 


• 
Status pins for: polarity, link detect, receive & 
transmit activity, collision, 
jabber, AUI selection 


• 
Single supply 
5V ±5% 


• 
44 pin PCC package 
III 


TxC 


TXE~ 
TxO -t- 


I 
I 
I 
I 


I 


lPBK 
~ 
I 
I 
I 
I 


RTX 


Tx+ 


Tx- 


Rx+ 


Rx- 


RSl 


00+ 
00- 


AUI 
CI+ 
CI- 
01+ 
01- 


AUI/TP 


I 
I 


eLK 
i 
B 


L 
_ 
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VCC 


GND 


Positive supply. +5V 


Ground. 0 volts. All inputs and outputs referenced 
to this point. 


Clock input. There must be either a 20 MHz 
crystal or a 20 MHz clock between this pin 
and GND. 


Transmit positive twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 


Transmit negative twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 


Rx+ 
Receive positive twisted pair input. This input 
receives data from the twisted pair cable through 
a pulse transformer. 


Rx- 
Receive negative twisted pair input. This input 
receives data from the twisted pair cable through 
a pulse transformer. 


DO+ 
AUI positive transmit output. AUI transmit data 
output to optional external transceiver. 


DO- 
AUI negative transmit output. AUI transmit data 
output to optional external transceiver. 


DI+ 
AUI positive receive data input from optional 
external transceiver. 


DI- 
AUI negative receive data input from optional 
external transceiver. 


0+ 
AUI positive collision input from optional 
external transceiver. 


0- 
AUI negative collision input from optional 
external transceiver. 


RTX 
Transmit current set. An external resistor between 
this pin and GND programs the absolute value of 
output current on Tx±. 


TxC 
Transmit clock output. Digital output which 
clocks the transmit data (TxD) into the device 
from the controller. 


TxD 
Transmit data input. Digital input which contains 
transmit data from the controller. 


TxE 
Transmit enable input. Digital input from the 
controller that indicates when the transmit data 
(TxD) is valid. 


COL 
Collision output Digital output to the controller 
which indicates when a collision condition is 
present. 


RxC 
Receive clock output. Digital output which clocks 
receive data (RxD) from the device into the 
controller. 


RxD 
Receive data output. Digital output which 
contains receive data sent to the controller. 


RxE 
Receive data valid. Digital output to the controller 
that indicates when the receive data (RxD) is 
valid. 


LPBK 
Local loopback. Digital input from the controller 
which forces the device to loopbasck transmit 
data without sending it on the media. 


LBKDI5 Disables AUI loopback and collision detection. 


Allows loopback through RI45 for diagnostic 
purposes. 
High = Loopback Disabled, 
Low = normal operation. 


C50 
Controller selection input. Digital input which 
selects one of 5 standard controller timing 
interfaces. This pin has an internal pulldown 
resistor to GND. 


C51 
Controller select input. Digital input wtlich selects 
one of five standard controller timing interfaces. 
This pin has an internal pulldown resistor to 
GND. 


C52 
Controller select input. Digital input which selects 
one of 5 standard controller timing interfaces. 
This pin has an internal pulldown resistor to 
GND. 


R5L 
Receive squelch level select input. Pin has 
internal pullup resistor to VCc. 


R5L = High 
Receive squelch level = 10Base-T 


R5L= Low 
Receive squelch level = extended 
distance 


XMT 
Transmit status output. Digital output which 
indicates data transmission on Tx+ and Tx-. 
Pin is open drain output with resistor pullup and 
is capable of driving an LED. 


RCV 
Receive status output. Digital output which 
indicates unsquelched data reception on Rx+ 
and Rx-. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 


CL5 
Collision status output. Digital output which 
indicates that collision condition has been 
detected. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 


LTP 
Link test passoutput/input. This pin consists of an 
open drain output transistor with a resistor pullup 
that serves both as a Iink test passoutput and a 
link test disable input. When used as an output, 
th~n 
is capable of driving an LED. 


LTP= High, link test failed 
LTP= Low, link test pass 
LTP= GND, link test disabled 


G~Micro Linear 


NAME 
FUNCTION 


AUI(rP 
AUI/twisted 
pair interface select input. 


AUI(rP 
= High, AUI selected 


AUI(rP 
= Low, TP selected 


RPOL 
Receive polarity status output/input. 
This pin 


consists of an open drain output transistor with a 
resistor pullup that serves both as a receive 
polarity status output and as an automatic 
polarity 
correction 
input. When used as an output, this 
pin is capable of driving an LED. 
RPOL = High, receive polarity 
reversed 
RPOL = Low, receive polarity correct 
RPOL = GND, auto polarity correction 
enabled 


NAME 
FUNCTION 


JAB 
jabber detect output. Digital output which 
indicates that the jabber condition 
has been 


detected. Pin is an open drain output with resister 
pu~ 
and is capable of driving a LED. 


JAB = High, normal 
JAB = Low, jabber detected 


AUISEL AUI(rP 
port output status 


AUISEL = High, TP port selected 
AUISEL = Low, AUf port selected 


jABDIS 
jabber disable input 
JABDIS = High, jabber disabled 
JABDIS = Low, normal operation 


NC 
No connect. 
Leave this pin open circuit. 
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Absolute 
maximum 
ratings 
are limits 
beyond 
which 
the 
life of the 
integrated 
circuit 
may 
be impaired. 
All 
voltages 
unless 
otherwise 
specified 
are measured 
with 
respect 
to 
GND. 
(Note 
1) 


vee 
supply 
voltage 
+6.5 
volts 
All 
inputs 
and 
outputs 
-0.3v 
to vee 
+ .3v 


Input 
current 
per pin 
±25 
mA 


Power 
dissipation 
0.75 
Watt 
Storage 
temperature 
range 
-65°e 
to + 1500e 


Lead temperature 
(soldering, 
10 see) 
300oe 


ELECTRICAL CHARACTERISTICS 


Unless 
otherwise 
specified 
TA = ooe 
to 70oe, 
Vcc 
= 5V +5%. 
Note 
2 & 3. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vil 
Digital 
input 
low voltage 
All except ClK 
.8 
V 


ClK 
- 
. 
1.5 
V 


VIH 
Digital 
input high voltage 
All except ClK 
2.0 
V 
ClK 
3.5 
V 


III 
Digital 
input 
low current 
VIN=GND 
TxD, TxE, AUI!fP 
-1 
fJA 
VIN=GND 
lPBK, CS2--0, lBDIS,jABDIS 
-1 
fJA 
VIN;GND 
RSl 
-10 
-25 
-50 
fJA 


VIN=GND 
lTP, RPOl, 
-125 
-250 
-500 
fJA 


VIN=GND 
ClK 
-250 
fJA 


IIH 
Digital 
input high current 
VIN=VCC 
TxD, TxE, AUI!fP 
1 
fJA 


VIN=VCC 
lPBK, 
CS2-0, 
lBDIS, 
jABDIS 
10 
25 
50 
fJA 
VIN=VCC 
RSl 
1 
fJA 


VIN=VCC 
LTP, RPOl 
1 
fJA 


VIN=VCC 
ClK 
250 
fJA 


CIN 
Digital 
input capacitance 
All except ClK 
5 
pF 
Clf< 
10 
pF 


VOL 
Digital 
output 
low voltage 
IOl=-2mA 
TxC. COl, 


RxC. RxD, RxE 
.4 
V 


IOl=-20mA 
XMT, RCV, 
ClS, l TP, RPOL, JAB 
.6 
V 


VOH 
Digital 
output 
high voltage 
IOH=2mA 
TxC. COl, 


RxC. RxD, RxE 
4.0 
V 


IOl=10uA 
XMT, RCV, CLS, 


l TP, RPOL, JAB 
2.4 
V 


ICC 
VCC supply current 
TX transmission 
140 
mA 


No transmission 
105 
mA 


Powerdown 
mode 
.1 
mA 


TOV 
Tx± differential 
output 
voltage 
2.2 
2.5 
2.8 
Vp 


THD 
Tx± harmonic 
distortion 
TxD=all 
ones 
-27 
dB 


TCM 
Tx± common 
mode 
output 
voltage 
± 50 
mVp 


TCMR 
Tx± common 
mode rejection 
VCM=15vp, 
10.1 MHz 
sine 
± 100 
mVp 


TOVI 
Tx± differential 
output 


voltage during 
idle 
± 50 
mVp 
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SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TOIA 
Tx± output 
current 
accuracy 
RTX=10K 
50 
mA 


TRO 
Tx± output 
resistance 
1 
Mohm 


TCO 
Tx± output 
capacitance 
10 
pF 


RRI 
Receive input resistance 
5K 
10K 
ohms 


RCI 
Receive input capacitance 
10 
pF 


RSON 
Receive squelch 
on level 
RSL=1 
300 
585 
mVp 


RSL=O 
200 
390 
mVp 


RSOF 
Receive squelch 
off level 
RSL=1 
200 
390 
mVp 


RSL=O 
133 
260 
mVp 


DOV 
DO± differential 
output 
voltage 
± 550 
± 1170 
mV 


DOVI 
DO± differential 
output 
voltage during 
idle 
± 40 
mV 


DOUS 
DO±differential 
output 


voltage 
return to 0 undershoot 
-100 
mV 


DOCMA 
DO± common 
mode AC 
output 
voltage 
± 40 
mV 


DOCMA 
DO± 
common 
mode DC 
output 
voltage 
VCC *.5 
V 


DIRI 
DI/Ci 
input resistance 
5K 
10K 
ohms 


DICi 
DI/Ci 
input capacitance 
10 
pF 


DIBV 
DI/Ci 
input bias voltage 
DI/Ci floating 
VCC *.5 
V 


DISON 
DI/Ci squelch 
on level 
-250 
-375 
mVp 


DISOF 
DI/Ci squelch 
off level 
-175 
-275 
mVp 


t1 
TxC on time 
45 
55 
ns 


t2 
TxC off time 
45 
55 
ns 


t3 
TxC period 
100 
ns 


t4 
TxE setup time 
25 
ns 


t5 
TxE hold time 
0 
ns 


t6 
TxD setup time 
25 
ns 


t7 
TxD hold time 
0 
ns 


t8 
Transmit 
propagation 
delay 
Tx± 
60 
200 
ns 


DO± 
200 
ns 


t9 
Start of Idle 
Tx± 


Pulse Width 
DO± 
225 
350 
ns 


t10 
501 pulse width 
to within 
Tx± 
4500 
ns 


40mV 
of final value 
DO± 
8000 
ns 
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III 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


t11 
Transmit 
output 
jitter 
Tx± 
± 8.0 
ns 


DO± 
± .5 
ns 


t12 
Transmit 
output 


rise and fall time 
TX±,10-90% 
5 
ns 


t13 
TxE to XMT assert 
200 
ns 


t14 
XMT blinker 
pulse period 
95 
105 
ms 


t15 
XMT duty cycle 
45 
55 
% 


t20 
Start of receive packet 
Rx± 
500 
ns 


to RxE assert 
DI± 
200 
ns 


t21 
Start of receive 
packet 
Rx+ 
1600 
ns 


to RxC active 
DI+ 
1300 
ns 


t22 
RxC on time 
45 
900 
ns 


t23 
RxC off time 
45 
55 
ns 


t24 
RxD valid before 
RxC 
45 
ns 


t25 
RxD valid after RxC 
35 
ns 


t26 
RxE assert to RCV assert 
200. 
ns 


t27 
RCV blinker 
pulse period 
95 
105 
ms 


t28 
RCV duty cycle 
45 
55 
% 


t29 
Receive input jitter 
Preamble 
± 12 
ns 


Data 
± 18 
ns 


130 
Receive propagation 
delay 
Tx± 
160 
ns 


DI± 
160 
ns 


t31 
RxC to RxE assert 
30 
60 
ns 


t32 
RxC to RxE deassert 
20 
40 
ns 


t33 
RxE deassert to RxC switchover 
100 
200 
ns 


134 
Minimum 
501 pulse width 
Tx± 
180 
ns 


required 
for receive detection 
DI± 
180 
ns 


t40 
jabber 
activation 
delay- 
20 
150 
ms 


TxE assert to Tx± disable 


t41 
Tx± disable 
to JAB assert 
100 
ns 


t42 
Jabber reset time - TxE 
250 
750 
ms 


deassert to JAB deassert 


t43 
Tx± disable 
to COL assert 
50 
ns 


t44 
Tx± disable to CLS assert 
50 
ns 


t45 
JAB deassert to COL deassert 
50 
ns 


t46 
JAB deassert to CLS deassert 
50 
ns 


t51 
Transmit 
link pulse period 
8 
24 
ms 
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SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


t52 
Minimum 
link pulse period 
2 
7 
ms 


required 
for receive detection 
. 
. 
, 
, 


t52 
Maximum 
link pulse period 
25 
150 
ms 


required 
for receive detection 


t53 
Receive link pulse no detect 
50 
150 
ms 


to LTP deassert 
, 


t54 
Receive link pulse detect to 
2 
Link Pulse 


LTP assert 


t55 
AUI/TP 
to AUISEL delay 
200 
ns 


t60 
TxE deassert to COL assert 
.9 
1.0 
1.1 
~s 


t61 
COL pulse Width 
.9 
1.0 
1.1 
~s 


t70 
Start of RCV packet during 
Rx± 
.' 
500 
ns 


transmission 
to COL assert 
DI± 
. t 
200 
ns 


t71 
Start of RCV packet during 
Rx± 
500 
ns 


transmission 
to CLS assert 
DI± 
200 
ns 


t72 
Start of RCV packet during 
Rx± 
600 
ns 


transmission 
to RxD 
DI± 
300 
ns 
switching 
from Tx to Rx data 


t73 
End of RCV packet during 
Rx± 
350 
ns 
transmission 
to RxD 
DI± 
350 
ns 
switching 
from 
Rx to Tx data 


t74 
End of RCV packet during 
Rx± 
250 
ns 


transmission 
to COL deassert 
DI± 
250 
ns 


t75 
CL5 blinker 
pulse period 
95 
105 
ms 
-- 
t76 
CLS duty cycle 
45 
55 
% 


t77 
Transmission 
start during 
Tx± 
200 
ns 


reception 
to COL assert 
DO± 
, 
r 
200 
ns 


t78 
Transmission~rt 
during 
Tx± 
200 
ns 


reception 
to CLS assert 
DO± 
200 
ns 


t79 
C1± period 


! 


80 
120 
ns 


t80 
C1± duty cycle 
. 
40 
60 
% 


t81 
First valid 
negative 
C1± 
100 
ns 


data transition 
to COL assert 


t82 
First valid 
negative C1± 
'. 
100 
ns 


data transition 
to CLS assert 


t83 
Last CI± positive 
data 
160 
200 
ns 


transition 
to COL deassert 


t84 
External clock 
input jitter 
50 
ps 


Note 
1: 
Absolute 
maximum 
ratings 
are limits 
beyond 
which 
the life of the 
integrated 
circuit 
may 
be impaired. 
All 
voltages 
unless 
otherwise 
specified 
are measured 
with 


respecllo 
ground. 


Note 
2: 
Limits 
are guaranteed 
by 100% 
testing, 
sampling, 
or correlation 
with 
worst-case 
test conditions. 


Note 
3: 
low 
Duty 
cycle pulse testing 
is performed 
at T A. 
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1% 
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RCV 
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RTX 
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The ML2652 
is composed of a transmitter section, receive 


section and some miscellaneous 
functions. 


The transmit section consists of the manchester encoder, 
AUI, jabber detect, link pulse generator, start of idle (501) 
pulse generator, waveform 
generator, and line driver. The 


purpose of the transmit section is to take data from the 
controller, 
encode it, and transmit it over either the AUI or 
twisted pair interface. In addition, 
the transmit section 


generates link pulses, start of idle pulses, and checks for 
jabber condition. 
The transmitter keeps the data jitter to a 


maximum 
of ±8.0ns, and the maximum 
delay through the 


transmission section is less than 2 bits, or 200ns. 


The receive section consists of the manchester decoder, 
collision 
detect, AUI, receive LPF, receive comparators, 
receive squelch, automatic 
polarity detect/correct, 
start of 


idle (501) detect, and link pulse detect. The purpose of the 
receive section is to take data from either the twisted pair 
cable or AUI, decode it, then send the data to the 
controller 
via the controller 
interface. In addition, 
the 
receive section detects and automatically 
corrects for 


reverse polarity, detects link pulses, detects start of idle 
pulses, and implements 
an intelligent 
receive squelch 


algorithm. 
The receive section can successfully lock onto 


an incoming 
data that contains ±18ns of jitter in less than 


1.6~. 


The miscellaneous 
functions are the controller 
interface, 
single pin crystal oscillator, AUI, loopback 
modes, test 


mode, and powerdown 
mode. 


The following 
text describes each of these blocks and 
functions 
in more detail. Refer to the block diagram. 


TRANSMISSION 


The transmit data (NRZ) is first clocked 
into the device 
through the controller 
interface. The device can be 
digitally 
programmed 
to accommodate 
anyone 
of five 
standard Ethernet controllers 
as described in Controller 


section. 


Then the NRZ data is encoded by the manchester encoder 
as shown in transmit timing diagram in Figure 1. 


The manchester encoded data then goes to either the AUI 
or twisted pair interface. The selection of the appropriate 
interface is automatic. 
If the AUI is selected, the 
manchester encoded data is transmitted 
out differentially 
on the DO+ and DO- 
pins, and the twisted pair line 
driver is disabled. If the twisted pair interface is selected, 
the manchester encoded data is transmitted out 
differentially 
on Tx+ and Tx- pins, and the transmit AUI is 
disabled. 


Refer to the AUI section for details on how the AUI and 
automatic 
interface selection is accomplished. 


Assuming that the twisted pair interface is selected, the 
Manchester encoded data then goes to the transmit 
waveform 
generator. The transmit waveform 
generator 


takes the digital Manchester encoded data and generates a 
waveform. 
When this waveform 
is passed through the 
cable model in the 1OBAsE-T standard (figure 14-7 IEEE 
std 802.3i-1990) 
it meets the voltage template (figure 14- 
9 IEEEstd 802.3i-1990). 


The transmit waveform 
generator is composed of a 16 x 4 


bit ROM, 4 bit DAC, 3rd order LPF,and clock generator. 
The DAC is used to synthesize a stair-step representation 
of a signal that will 
meet the required output template. 


The ROM stores the digital representation 
of the output 


signal and provides a digital 
input to the DAC. The ROM 


is addressed by a 16 phase clock generator that is locked 
to the transmit clock TxC. The high frequency content 
present in the output of the DAC is removed by a 3rd 
order continuous 
LPF which smooths the output. 


Since the output is synthesized by a DAC, the DAC can be 
reprogrammed 
with metal mask to provide any arbitrary 
output waveform, 
thus offering the ability to offer custom 
output waveforms and templates. 


The transmit line driver takes the output of the waveform 
generator and converts this voltage to a differential 
output 


current on Tx+ and Tx- pins. When one transmit output 
(either Tx+ or Tx-) is sinking current, the other output is 
high impedance, and vice versa. In this way, a differential 
output voltage is developed 
by sinking this output current 
through two external 200 ohm terminating 
resistor and a 
2:1 transformer as shown in Figure 12. 


Setting the external terminating 
resistors to 200 ohms as 
shown in Figure 12 will 
implement 
a 100 ohm terminating 


impedance 
when looking back through the transformer. If 


other terminating 
impedances are required (such as 150 


ohm), the terminating 
resistor values can be adjusted 
accordingly 
as long as the output current stays within 
the 


minimum 
and maximum 
limits (30-70mA). 


The absolute value of the output current, and 
subsequently the output voltage level, is set by an external 
resistor between RTX and GND. 
If RTX = 10k ohms and 


Tx± is terminated 
as shown in Figure 12, the output level 
is ±2.5V which 
meets 802.3i-1990 
differential 
output 
voltage requirements. 
If a different output current/voltage 


level is desired, the level can be changed by changing the 
value of RTX according 
to the following 
formula: 


RTX = K*Vb/lout 


= 125*4v/50mA 


RTX = 10kQ 


When data is being transmitted 
(and there is no collision 
or link pulse fail condition), 
the transmit data is looped 


back to the receive path, and the Manchester decoder will 
lock onto the transmit data stream. 


After data transmission 
is completed, 
the transmitter 
sends 
a start of idle (501) pulse to signal the end of a packet. 
During the idle period, Tx+ and Tx- are held low. 
Occasionally, 
link pulses are transmitted 
during the idle 


period. 
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The XMT pin is an output that indicates transmit activity. 
The pin consists of an open drain output with an internal 
pull-up 
resistor and can drive an LED from VCC or 


another digital input. In order to make an LED visible, 
XMT has an internal blinker circuit that generates a lOOms 
blink (50ms high, 50ms low) that is triggered when a 
trans-mission 
starts. At the completion 
of the lOOms blink 
period, if a transmission 
is in progress, another lOOms 
blink is generated. 


The twisted pair receive data is typically 
transformer 


coupled and terminated 
with an external resistor as shown 


in Figure 12. 


The output of the transformer 
is then applied to the device 
input pins Rx+ and Rx-. The input is differential, 
and the 


common 
mode input voltage is biased to VCC!2 by two 
internal 10K bias resistors from Rx+, Rx- to VCC/2. 


The Rx+ and Rx- inputs then go to the receive filter. The 
receive filter is a continuous 
3rd order LPF and has the 
following 
characteristics: 


1. 3 dB cut-off frequency 
15 MHz 


2. Insertion Loss (5-10 MHz) 
1.0 dB 


The output of the filter goes to the receive comparators. 
There are two receive comparators 
inside the chip, 
threshold and zero crossing. The threshold comparator 
determines if the receive data is valid by checking the 
input signal level against a predetermined 
positive and 
negative squelch level. Once the threshold comparator 
determines that valid data is being received, the zero 
crossing comparator 
senses zero crossings to determine 


data transitions. 
Both comparators are fast enough to 
respond to 12ns pulse widths with minimum 
squelch 


overdrive. 


The receive squelch circuit determines when data on 
incoming 
Rx+, Rx- is valid. The receive squelch is 


considered 
"on" when the data is deemed to be invalid, 


and the receive squelch is considered 
"off" when data is 


determined 
to be valid. 


The input signal must meet the following 
criteria in order 


to turn receive squelch off and be recognized 
as valid 
data: 


1. The input signal must exceed the receive squelch 
on level. When this occurs, a 400ns squelch interval 
timer is started. 


2. During the 400ns squelch interval, the input 
signal must go from one squelch threshold to the 
opposite polarity 
squelch threshold in less than 


127ns. 


3. During the 400ns squelch interval, the input 
signal has to make less than 9 squelch threshold to 
opposite polarity squelch threshold crossings. 


When the receive squelch is turned off, the receive squelch 
off level is reduced to 2/3 of receive squelch on level. 


The receive squelch will be turned back on if either the 
incoming 
data peaks go below the receive squelch off 


level for 400ns or the start of idle (501) pulse is detected. 


The receive squelch on level can be digitally 
programmed 
for one of two possible levels by using the R5L pin. When 
R5L = 1, the squelch on level complies with the IEEE 
802.3i-1990 
specification. 
When R5L = 0, the receive 


squelch on level is lowered in order to accommodate 
greater receive attenuation 
and consequently 
longer 


twisted pair cable lengths. The receive squelch on level 
can be programmed 
as follows: 


Receive 
Squelch 
On level 
RSl 
Application 
Min 
Typ 
Max 


10BA5E-T 
300 
585mV 


o 
Long Distance 
200 
390mV 


The RCV pin is an output that indicates receive activity. 
The pin consists of an open drain output with an internal 
pull-up 
resistor and can drive an LED from VCC or 
another digital input. In order to make an LED visible, 
RCV has an internal blinker circuit that generates a lOOms 
blink (50ms high, 50ms low) that is triggered when 
reception starts. At the completion 
of the lOOms blink 


period, if reception 
is in progress, another lOOms blink is 


generated. 


The manchester decoder receives data from either the 
twisted pair interface (as described above) or the AUI 
(described in AUI section). 


The manchester decoder is responsible for recovering 
clock and data from the incoming 
receive bit stream. 
Clock and data recovery is accomplished 
by a digital 
PLL 
which can lock on the incoming 
bit stream in less than 
1.6fJs. 


The clock (RxC) and NRZ data (RxD) are then output to 
the external world via the controller 
interface. 


III 


501 


A start of idle (501) pulse is sent at the end of transmission 
in order to signal to all receivers that transmission 
has 
ended and the idle period begins. Thus, the transmit 
section has an 501 generator and the receive section has 
an 501 detector. 


The transmit 501 pulse generator inserts an 501 pulse at 
the end of each transmission. The 501 pulse is typically 
a 


250ns positive pulse inserted after the last positive data 
transition. 
Depending 
on the data pattern, the positive 
data transition 
could occur either in the middle or at the 


end of the last bit cell. So the actual width of the 
transmitted 
501 pulse can vary from 250-300ns, 
typically. 


The receive 501 detector senses the 501 pulse using the 
zero crossing comparator. 
When the 501 pulse is detected, 


the receiver signals to the controller 
that receive data is no 


longer valid and turns the receive squelch on. 
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transmitter ana aetectea oy me receiver 'U 'lid' """ 
integrity of the twisted pair link can be continuously 
monitored. 
Thus, the transmit section has a link pulse 
generator, and the receiver has a link pulse detector. 


The transmit link pulse generator transmits a lOOns wide 
positive pulse (Tx+ high, Tx- low) every 16 ±8ms. 


IEEE802.3i-1990 
Section 14 requires the link pulse to be 
shaped to meet a template when passed or not passed 
through the twisted pair line model. The transmit 
waveform 
generator takes the link pulse and generates the 


waveform 
on TX± when passed or not passed through the 
twisted pair line model. 


The receiver monitors the receive input to determine 
if the 


link pulses are present. When the device is in the link 
pulse pass state, normal packet transmission and reception 
can occur. All link pulses less than 2-7ms apart are 
ignored while 
in the link pass state. If no link pulses or 


receive packets are detected for a period of 50-150ms, 
the device goes into the link pulse fail state. 


When the device is in the link pulse fail state, reception 
is 


inhibited 
and the transmitter 
is placed in the idle state (no 


data transmission but link pulses are still transmitted). 
In 


order for the device to exit the link pulse fail state, one 
complete 
packet 6r 4 consecutive 
link pulses must be 
detected, and transmit and receive must be idle. 
Consecutive 
link pulses are defined as pulses that occur 


within 
25-150ms 
of each other. If the Iink pulses occur 


2-7ms apart in the link fail state, the device ignores the 
link pulses and resets the number of consecutive 
link 


pulses to zero. After the link pulse fail state is exited, 
transmission and reception can be resumed. 


Link pulse status is indicated 
by the LTP pin. LTP is a dual 


function 
input/output 
pin that acts both as an active low 


link test pass output and a link test disable input. The pin 
consists of an open drain output with an internal pull-up 
resistor. If the pin is tied to GND, the pin acts as an input 
and the link test function 
is disabled. If the pin is not tied 


to GND, the pin acts as an active low link test pass output 
and can drive an LED from VCC or another digital output. 
Thus, the LED is lit when the link test is passing. 


JABBER 


The transmit section contains a jabber detect circuit. 
Jabber is a fault condition 
characterized 
by a babbling 
transmitter. The ML2652 detects jabber when a 
transmission packet exceeds 2D-150ms 
in length. If jabber 


detect occurs, the transmit output is disabled, the collision 
~al 
COL is sent over the controller 
interface, and the 
JAB pin is pulled low. The device remains in the jabber 
detect state until there is at least 250-750ms 
of 


continuous 
non-transmission. 
Note that link pulses 


continue 
to be transmitted 
even when the device is in the 


jabber condition. 


The jabber detection 
circuitry 
can be disabled with the 
JABDIS pin for testing and diagnostic 
purposes. Disabling 


GND. 


COlliSION 


Collision 
occurs whenever 
the DTE card is transmitting 
and receiving data simultaneously. 
However, the collision 
circuit on the ML2652 
operates differently 
depending 
on 
whether twisted pair interface or AUI is being used. 


When the twisted pair interface is used, collision 
occurs 
whenever the device is transmitting 
and receiving data 


simultaneously, 
that is when both RxE and T~are 
active. 


The collision 
state is indicated 
by COL andJJ5 
pins. COL 


is used to signal collisio!UQ 
the controller. 
CLS is an active 


low open drain output. CLS is activated during Jabber, but 
not during SQE test while COL is activated during both. 


When the AUI is used, collision 
is no longer detected from 
simultaneous 
transmission and reception, 
but the collision 
state is determined 
when a collision 
signal is present on 


the AUI collision 
inputs, 0+ 
and 0-. 
A 10 MHz square 
wave has to be applied to this input in order for the device 
to signal the collision 
state on COL and CLS. 


The CLS pin is an output that indicates collision 
activity. 


The pin consists of an open drain output with an internal 
pull-up 
resistor and can drive an LED from VCC or 
_ 
another digital 
input. In order to make an LED visible, CLS 


has an internal blinker circuit that generates a lOOms blink 
(50ms high, 50ms low) that is triggered when a collision 
starts. At the completion 
of the lOOms bl ink period, if 
collision 
is in progress, another lOOms blink is generated. 


SQE TEST 


When the twisted pair interface is used, the device tests 
the collision 
circuitry 
at the end of each transmission by 
sending a 1fJscollision 
pulse over the COL pin. This is 


known as SQE (signal quality error) test and is shown in 
the transmit timing diagram in Figure 1. The SQE test is 
disabled if the device is in jabber detect state or link pulse 
fail condition. 


When AUI is used, the SQE test pulse is generated by an 
external MAU and the external MAU sends the SQE test 
pulse to the ML2652 
via the collision 
inputs, 
CI+ and CI-. 


The ML2652 then relays the collision 
signal to the 
controller 
via the COL and CLS output pins. 


RECEIVE POLARITY DETECT AND AUTO CORRECTION 


The ML2652 contains an auto-polarity 
circuit that detects 
the polarity of the receive twisted pair leads, Rx+ and RX- 
and internally 
reverses the leads if their polarity 
is 


incorrect. 


When the device is powered up, it is assumed that the 
polarity 
is correct and no polarity correction 
occurs. Then 
receive polarity 
is continuously 
monitored 
by checking 


the polarity of the SOl and link pulses since they are 
always positive pulses. If either 2 consecutive 
SOl or 4 
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consecutive 
link pulses have incorrect 
RX± polarity, then 


the auto-polarity 
ci rcu it internally 
reverses the Rx+ and 


Rx- connections. 


RPOL is a dual function 
input/output 
pin that acts both as 


an active low receive polarity status output and an auto- 
polarity circuit enable input. The pin consists of an open 
drain output with an internal pull-up 
resistor. If the pin is 
tied to GNO, the pin acts as an input and the receive 
auto-polarity 
circuit 
is enabled. If the pin is not tied to 
GNO, the pin acts as an active low receive polarity status 
output and can drive an LEO from VCC or another digital 
output. 


AUI 


The ML2652 
can be used with an external MAU via the 


Attachment 
Unit Interface (AU!). When the AUI is used, 
the internal MAU functions and twisted pair interface are 
disabled, and the device only uses the manchester 
encoder and decoder functions, 
as shown in the block 


diagram. The AUI consists of three differential 
signal pairs: 


01, 00, 
and CI. The function 
of each pair is described 


below. 


The 00+ 
and 00- 
are differential 
outputs to the external 


MAU which contain the transmit data output from the 
Manchester encoder. The 00+ 
and 00- 
output drivers 


are capable of driving 50 meters of 78 ohm cable with 
less than 5ns rise and fall time and less than ±0.5ns of 
jitter. In addition, 
at the end of transmission, the AUI 


output driver inserts a 200ns minimum 
pulse and meets 
the turnoff and idle characteristics 
specified in IEEE802.3- 
1988. An external 78 ohm resistor across 00+ 
and 00- 
is required as shown in Figure 12 to develop the proper 
output levels from the internal current sources. The 00+ 
and 00- 
outputs can be coupled to an external MAU 


with either capacitors or a transformer. The ML2652 
meets 


all AUI transmitter specifications 
outlined 
in IEEE802.3- 


1988 Section 7. 


01+ and 01- are inputs from the external MAU which 
contain the receive data that goes to the manchester 
decoder. 


The 01+ and 01- inputs contain an AUI 01 squelch circuit 
which 
determines when incoming 
data on 01+ and 01- is 


valid. The 01 squelch is considered 
"on" when the data is 


deemed to be invalid, and the 01 squelch is considered 
"off" when data is determined 
to be valid. 


The input signal on 01+ and 01- must meet the following 
criteria in order to turn receive squelch off and be 
recognized 
as valid data: 


1. The input signal must exceed the negative AUI 01 
squelch on level. 


2. The input signal must exceed the negative AUI 01 
squelch on level for more than 20ns. 


When the 01 squelch is turned off, the 01 squelch off level 
is reduced to 2/3 of the 01 squelch on level. 


The 01 squelch circuit will be turned back on if the idle 
period is detected by no 01 squelch level transitions for 
more than 180ns. 


An external 78 ohm termination 
resistor is needed across 


01+ and 01- as shown in Figure 12. The 01+ and 01- 
inputs can be coupled from an external MAU into the 
ML2652 with either capacitors or a transformer. The 
ML2652 
meets all AUI receiver specifications 
outlined 
in 


IEEE802.3-1988 
Section 7. 


0+ 
and 0- 
are inputs from the external MAU which 
contain the 10 MHz ± 15% collision 
signal as defined in 


IEEE802.3-1988 
Section 7. The 0+ 
and 0- 
inputs 


contain the same squelch circuit 
used on the 01 inputs 


described in previous paragraphs in this section. 


An external 78 ohm termination 
resistor is needed across 


0+ 
and CI- as shown in Figure 12. The CI+ and 0- 


inputs can be coupled from an external MAU into the 
ML2652 with either capacitors (shown in Figure 12) or a 
transformer. The ML2652 
meets all AUI receiver 
specifications 
outlined 
in IEEE802.3-1988 
Section 7. 


The ML2652 contains an AUI(rP 
select input pin which 


controls whether the AUI or twisted pair interface is to be 
used for data transmission and reception. When AUJ! 
Twisted Pair Switching = High, the AUI is used for data 
transmission and reception. When AUI(rwisted 
Pair 
Switching = Low, the twisted pair interface is used for data 
transmission and reception. 


The AUISEL pin is a digital status output that indicates 
wh ich interface has been selected for data transfer, either 
twisted pair or AUI. The pin consists of an open drain 
output with an internal pull-up 
resistor and can drive an 


LEO from VCC or another digital input. AUISEL = High 
indicates that the twisted pair interface has been selected. 
AUISEL = Low indicates that the AUI interface has been 
selected. 


The ML2652 
has the capability 
to automatically 
select 


between the twisted pair interface and AUI. This 
automatic 
interface selection is accomplished 
by tying the 


LTPoutput pin to the AUI(rP 
input pin. When these two 


pins are connected 
together, if valid link pulses are 


detected, it is assumed that the twisted pair interface is 
beinlLt:!sed. This causes LTP output to go low, thus forcing 
AUI(rP 
low, and thus enabling the twisted pair interface. If 


no valid link pulses are detected, it is assumed that the 
twisted pair interface is not being used, thus causing LTP 
to go high, thus forcing AUI(rP 
high, thus enabling the 


AUI interface. If valid link pulses reappear, the device will 
automatically 
disable the AUI and enable the twisted pair 


interface. The algorithm 
for determining 
valid link pulses 


is described in the Link Pulse section. 


a 


lOOPBACK 


There are two pins on the ML2652 which 
provide 


loopback diagnostic features, LBKOIS and LPBK. 


LPBK provides a loopback through the manchester 
encoder/decoder, 
but not through the on-chip 
10BASE-T 
MAU. 
No data will go out on either the AUI port or the 


twisted pair port in this mode. This same function 
is found 
on many discrete manchester encoder/decoders. 


OI~MicroLinear 


IEEE802.3 MAUs normally 
loop the transmit data (DO+) 


when transmitting 
with no collisions. 
When using an 


external transceiver through the Ml2652's 
AUI port, the 


controller 
can first check the local loopback by setting 
lPBK. If it passes this test it can then check the AUI cable 
and external MAU by doing the normal MAU loopback. 


lBKDIS disables the on-chip 
1OBASE-T MAU loopback. 


This allows the user to attach a special RJ-4Sconnector 
that loops back the transmit twisted pair to the receive 
twisted pair. This test checks the entire interface out 
through the connector. When lBKDIS is activated (High), 
collision 
detection 
is disabled so that the Ml26S2 
can 


transmit and receive in full duplex without 
collisions. 


CONTROLLER 
INTERFACE 


The Ml2652 
has a flexible and programmable 
digital 


interface which 
enables it to directly 
interface to Ethernet 


controllers 
manufactured 
by Intel, AMD, 
National, 
Seeq, 
and Fujitsu. 


The controller 
interface consists of seven pins. TxC, TxD, 


and TxE are the transmit clock output, transmit data input, 
and transmit data enable input, respectively. 
RxC, RxD, 


and RxE are the receive clock output, receive data output, 
and receive data enable output, respectively. COl 
is the 


collision 
detect output. 


All the standard Ethernet controllers 
use a similar 


controller 
interface but differ in the polarity of COl, 
lPBK, 
TxE and RxE, differ in what edge of TxC and RxC that 
clocks in the data, differ on whether the RxC clock needs 
to be continuous 
or not during idle, and differ on whether 


polarity of RxD during idle. In order to accommodate 
the 


different controller 
interface definitions, 
the controller 


select pins, CS2-0, modify these signals according 
to the 


Table 1. 


The device can be placed in the power down mode with 
the controller 
select pins CS2-0 as described in Table 1. 


When in powerdown 
mode, the current consumption 
is 


reduced to less than 100fJA and all device functions 
are 


disabled. 


The Ml2652 
requires an accurate 20 MHz reference for 


internal clock generation. This can be achieved by 
connecting 
an external crystal or an external clock 


between the ClK and GND pins. 


If an external clock is used, it must have a frequency of 
20 MHz ±0.01 % and have high and low levels of 3.5 and 
1.5 volts. 


If a crystal is used, the crystal should be placed physically 
as close as possible to the ClK and GND pins, especially 
ClK. 
No other external capacitors or components 
are 


required. The crystal should have the following 
characteristics: 


1. Parallel resonanttype 


2. Frequency: 20 MHz 


3. Tolerance: ±0.005% 
@ 25°C 


4. less than 0.005% frequency drift across 
temperature. 


5. Maximum 
equiv. series resistance: 


15 ohms @ 1-200fJW 
30 'ohms @ 0.01-1 fJW 


6. Typical load capacitance: 
20pF 


7. Maximum 
case capacitance: 
5pF 


Idl 
Idl 


CS2-0 
TxC 
TxE 
RxC 
RxE 
COL 
LPBK 
RxC 
RxD 
Controller 


000 
r 
h 
r 
h 
h 
h 
m 
I 
NSC 
DP8390 


001 
f 
I 
f 
I 
I 
I 
n 
hi 
Intel 
82586/96 


010 
r 
h 
r 
h 
h 
h 
n 
hi 
AMD 
AM7990 


01 
1 
f 
h 
r 
h 
h 
I 
c 
10 
Seeq 
80,03/5 


100 
f 
h 
f 
h 
I 
h 
c 
hi 
Fujitsu 
MB86950 


101 
- 
- 
- 
- 
- 
- 
- 
- 
- 


1 10 
- 
- 
- 
- 
- 
- 
- 
- 
- 
. 


111 
- 
- 
- 
- 
- 
- 
- 
- 
PDN mode 


c = RxC 
required 
continuously 


n = RxC only during RxO transmission 


m = RxC only 
during 
RxD 
transmission 
+ 5 extra 
RxC 
cycles 
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Data Quantizer 


The ML4621 Data Quantizers is a low noise, wideband, 
bipolar monolithic 
ICs 'designed specifically for signal 


recovery applications in fiberoptic 
receiver systems. It 


contains a two stage wideband 
limiting amplifier which 


is capable of accepting an input signal as low as 2mV 
with a 55dB dynamic range. This high level of 
sensitivity is achieved by using a DC restoration 
feedback loop which nulls any offset voltage produced 
in the limiting 
amplifier. 


The output 
stage is a high speed comparator 
circuit 


with both TIL and ECL outputs. An enable pin is 
included for added control. 


The Minimum 
Signal Discriminator 
circuit 
provides a 
Link Monitor 
function 
with a user selectable reference 


voltage. This circuit 
monitors the peaks of the input 


signal and provides a logic level output 
indicating 


when the input falls below an acceptable level. This 
output 
can be used to disable the Quantizer and/or 


drive an LED, providing 
a visible link status. 


• 50MHz minimum 
bandwidth 
for data rates 
of up to 100MBd 
• Can be powered 
by either +SV providing 
TIL 
level 
outputs 
or -5.2V providing 
ECL levels 


• Low noise design: 


25JlV RMS over 50MHz noise bandwidth 
• Adjustable 
Link Monitor 
function 
• Wide 55dB input dynamic 
range 


• 10ns minimum 
input 
pulse 


• Available in a 24-pin Skinny DIP and 28-pin PLCC 


• IEEE802.3 FOIRL Receiver 
• IEEE802.5 4 and 16 Mbps Fiber Optic 
Token Ring 


• IEEE802.4 Fiber Optic Token Bus 
• Fiber Optic 
Data Communications 
and 
Telecommunications 
Receivers 


VccTIl 


GNO TIl 
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ML4621 
24-Pin 
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DIP 


EU LINK MON 
Vcc 


TTL LINK MOO 
INOM 


CMP ENABLE 
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VIN+ 
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VIN- 
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Voc 
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CF2 
GND 


CFl 
TTL OUT 


VOUT- 
Vcc 
TTl 


Vovr+ 
GNDm 


CMP+ 
ECL+ 


CMP- 
ECl- 


TOP VIEW 


ML4621 
28-Pin 
PCC 


NC 


Voc 


CF2 


CFT 


VOUT- 


28 
27 
26 


25 
NC 


'24 
CPEAK 


23 
VREF 


VTHADJ 


GND 


TTlOUT 


Vcc TTl 


tCMP+ t 
NC t ECl+ t 


Vovr+ 
CMP- 
ECl- 
GND TTL 
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PIN DESCRIPTION 


NAME 
FUNGION 
NAME 
FUNGION 


ECl LINK MON 
ECl Link Monitor 
output. Signal is 
VDC 
An external capacitor on this pin 
low when the VIN+, VIN- inputs 
integrates an error signal which 
exceed the minimum 
threshold, 
nulls the offset of the input 
which is set by a voltage on the 
amplifier. If the DC feedback loop 
VTHADJpin. Signal is high when 
is not being used, this pin should 
the input signal level is below the 
be connected 
to VREF. 


threshold. 
CF2 
A capacitor from this pin to 


TIl LINK MON 
TIl Link Monitor 
output. Same 
ground controls the maximum 
logic function 
as ECl LINK MON. 
bandwidth 
of the amplifier to 


Capable of driving a 10mA lED 
accommodate 
lower operating 


indicator. This pin normally tied to 
frequencies. 


CMP ENABLE. 
CF1 
The capacitor on this pin should 
CMP ENABLE 
A low voltage at this TIl input 
match the one on CF2. 


pin enables both the ECl and the 
VOUT- 
The negative output 
of the 
TIl outputs. A high TIl voltage 
amplifier, which is normally tied to 
disables the comparator output 
CMP-. 
with ECl+ high, ECl- low, and TIl 
VOUT+ 
The positive output of the 
OUT high. 


VIW 
This input pin should be 
amplifier, which is normally tied to 
CMP+. 
capacitively coupled to the input 
CMP+ 
This comparator 
input pin is an 
source or to ground. (The input 
resistance is approximately 
8kO.) 
open base configuration 
which 


V1N+ 
This input pin should be 
relies on the DC bias of the 
amplifier output to establish the 
capacitively coupled to the input 
proper DC operating voltage. This • 


source or to ground. (The input 
voltage should be reestablished if 
resistance is approximately 8ka.) 
filtering 
is implemented 
between 


CMP- 
This comparator 
input pin is an 
VOUI' 
..•....: :,./.~~ 


open base configuration 
which 
GND 
Negative supply. Connect to -S.2V 
relies on the DC bias of the 
for ECl operation, or to ground 
amplifier output to establish the 
for TIl operation. 
proper DC operating voltage. This 
voltage should be reestablished if 
VTHADJ 
This input pin sets the minimum 
filtering 
is implemented 
between 
amplitude 
of the input signal 


VOUT- and CMP-. 
required to cause the link 


ECl- 
The ECl comparator 
negative 
monitors to go low. 


output. 
VREF 
A 2.5V reference with respect to 


ECl+ 
The ECl comparator 
positive 
GND. 


output. 
~PEAK 
A capacitor from this pin to 


GND TIl 
The negative supply for the TIl 
ground determines the Link 


comparator 
stage. If the TIl 
Monitor 
response time. 


output 
is not necessary, connect 
ISET 
Current into an internal diode 


GND TIl and Vcc TIl to Vcc. 
connected 
between this pin and 


Vcc TIl 
The positive supply for the TIl 
GND is turned around and pulled 
from CPEAK.This pin is normally 
comparator stage. If the TIl 
connected to INOM. 
output 
is not necessary, connect 
GND TIl and Vcc TIl to Vcc. 
INOM 
Sets a current of approx. 12SpA 


TIlOUT 
TIl data output. (Totem pole type 
when connected 
to 'SET. 


output stage.) 
Vcc 
Positive supply. Connect to 
ground for ECl operation, or to 
SV for TIl operation. 


'Micro 
Linear 


Vcc - GND 
-0.3 
to +7.0 


Vcc 
TIL 
- GND 
TIL 
-0.3 
to +7.0 
Inputs/Output 
GND 
~ 
-0.3 
to VCC +0.3 
Storage 
Temperature 
Range 
:........... 
-65·C 
to +150·C 


Lead 
Temperature 
(Soldering 
10 sec.) 
+260·C 


Absolute 
maximum 
ratings are those 
values 
beyond 
which 
the 


device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 


are stress ratings 
only 
and 
functional 
device 
operation 
is not 


implied. 


Ml4621 
ElEORICAl 
CHARAOERISTICS 


Over recommended 
operating cOr:lditions of TA = ooe to 70oe, Vcc,C' 5V ± 5%, GND = OV unless otherwise noted. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 
CONDITIONS 


ICC1 
Vcc 
Supply 
Current 
6S 
100 
mA 
Vcc 
TIl 
= GND 
TIl 
= Vcc 


ICG 
Vcc 
Supply 
Current 
70 
110 
mA 
Vcc 
TIl 
= Vcc 
(TIl 
Out 
Enabled) 
'., 
GND 
TIl 
= GND 


IVREF 
VREF Output 
Current 
-5.0 
0.5 
mA 


VREF 
Reference 
Voltage 
2.40 
2.55 
2.65 
V 


Av 
Amplifier 
Gain 
A1 A2 
75 
VIV 
V1N ~ 5mV 


V1N 
Input 
Signal 
Range 
2 
1400 
mVp_p 


VTHADJ 
External 
Voltage 
at VTHADJ 
1 
2.5 
V 


Range 
to set VTH 


Vos 
Input 
Offset 
3 
mV 
Voc = VREF (DC loop 
inactive) 


EN 
Input 
Referred 
Noise 
25 
pV 
50MHz 
BW 


BW 
3dB 
Bandwidth 
50 
65 
MHz 


V1N PW 
Min 
Input 
Pulsewidth 
10 
ns 


R1N 
Input 
Resistance 
8 
kO 
V1N+, V1N- 


tpo AMP 
Amplifier 
Propagation 
Delay 
4 
8 
ns 
From 
V1N+, V1N- to Your-, 
You, 


V1N = 10mVp_p 


tpo Eel 
ECl 
Comparator 
Propagation 
Delay 
4 
8 
ns 
From 
CMP+, 
CMP- 
to 
ECl+, 
ECl- 
V1N ~ 10mVp_p 


tpo TIl 
TIl 
Comparator 
Propagation 
Delay 
4 
8 
ns 
From 
ECl+, 
Eel- 
to TIl 
OUT 
V1N = 10mVp_p 


RYTHAOJ 
Input 
Resistance 
of VTHADJ 
6.8 
kO 


lyOUT 
Output 
Current 
of VOUT+ and 
You, 
3 
mA 


ICMP 
leakage 
Current 
of CMP+ 
and 
CMP- 
25 
pA 


VCMCMP 
Common 
Mode 
Range 
of 
GND 
+ 2.0 
Vcc 
- 1.0 
V 
CMP+ 
and 
CMP- 


ECl VOH 
Output 
High 
Voltage 
at ECl+, 
ECl- 
3.90 
4.30 
V 
With 
2000 
load 
tied 
to Vcc 
- 2V 


TA = 25°C 


ECl VOl 
Output 
low 
Voltage 
at ECl+, 
ECl- 
3.11 
3.38 
V 
With 
2000 
load 
tied 
to Vcc 
- 2V 


TA = 25°C 


Av ECl 
ECl 
CMP 
Gain 
100 
VIV 


TIl 
VOH 
. 
204 
V 
Vcc 
TIl 
= 5'1. IOH = -50pA 


TIl 
VOl 
~J 
004 
V 
Vcc 
TIl 
= 5'1. 10l = 2mA 


TIl 
V1H 
.. 
, 
.,I 
2.0 
V 


TIl 
V1L 
. 
, 
0.8 
V 


TIlI1H 
-50 
50 
pA 
V1H = 204V 


TIl 
IlL 
-1.6 
0 
mA 
V1H = Oo4V 


'NOM 
125 
pA 
INOM = ISET 


GJ. Micro Linear 


The Quantizer has a two stage limiting amplifier with 
an input common mode range of (GND + 1.8V)to 
(Vcc - 1.5V).Maximum sensitivity is achieved through 
the use of a DC restoration feedback loop and AC 
coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about 1.9V. 
These coupling capacitors, in conjunction 
with the 


input impedance of the amplifier, establish a high pass 
filter with a 3dB corner frequency, 
flJ 
at 


1 


fL = 27T 8000 C 
(1) 


Since the amplifier has a differential input, two 
capacitors of equal value are required. If the signal 
driving the input is single ended, one of the coupling 
capacitors can be tied to Vcc as shown in figure 1. The 
high corner frequency can also be adjusted by 
attaching capacitors to CF1 and CF2. The equation for 
adjusting this corner is 


1 


fH = 27T 425 C 
(2) 


Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vas in figure 2. In order 
to reduce this error a DC feedback loop is 
incorporated. This negative feedback loop nulls the 
offset voltage, forcing Vas to be zero. An external 
capacitor at VDC is used to store the offset voltage. 
Although the value of this capacitor is non-critical, the 
pole it creates can effect the stability of the feedback 
loop. To avoid stability problems using the Ml4621, the 


:::::Q>#0.1I'F 


+5VY 
O.1I'F 


value of this capacitor should be at least 100 times 
smaller than the input coupling capacitors. 


On the Ml4621, the output of the amplifier is isolated 
from the comparator and made available to the user. 
This allows the user to add circuitry between the 
amplifier and the comparator for wave shaping and 
other signal conditioning 
as desired. 


COMPARATOR 


Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECl 
comparator is used to provide the ECl level outputs 
and in turn drives the TIl 
comparator. The enable pin, 


CMP ENABLE,is provided to control the ECl 
comparator. When CMP ENABLEis low the comparators 
function normally. When it's high, it forces ECl+ high, 
ECl- low, and TIl 
OUT high. The CMP ENABLEpin 
can be controlled with TIl 
level signals when the 


Quantizer is powered by 5V and ground. 


CMP 
ENABLE 


+5V 


'Micro 
Linear 


III 


This function 
is implemented 
by the Minimum 
Signal 


Discriminator 
and the Threshold Generator circuits. The 


purpose of this function 
is to monitor the input signal 


and provide a status signal indicating when the input 
falls below a preset voltage level. This is done by peak 
detecting the output of the amplifier section and 
comparing this level with the voltage at VTHADj. 


The equation which determines the droop rate of the 
peak detector 
is 


dV 
IISfT 
-=- 
(3) 
dt 
C 


In this equation C is the peak capacitor at CPEAK.On 
the ML4621 the droop rate of the peak detector can be 
adjusted two ways: 


1) By adjusting the value of the peak capacitor at CPEAK. 


2) By adjusting the charge current into the peak 


capacitor at ISfT. 


The charge current, IISfT,can be controlled 
externally 
by connecting 
a resistor, REXT,between IISfTand Vcc. 


IISfTwill then be 
Vcc - 0.7 
IISfT= REXT+ 1700 


For convenience, an on-chip current source of 125pA is 
available by connecting 
INOM to ISfT. 


The Threshold Generator level shifts the reference 
voltage at VTHADj through 
a circuit which has a 


temperature 
coefficient 
matching that of the limiting 


amplifier. The relationship between VTHADj and VTH 
(the minimum 
peak voltage at the input which will 


trigger the Link Monitor) 
is: 


VTHADj = 600VTH + 0.7 
(5) 


The on-chip 
reference voltage, VREF,can be tied 


directly to VTHADj to set the threshold 
level. This will 


set the minimum 
input signal on the ML4621 at about 


3mV (peak). 


A lower threshold 
level can be set by dividing down 


VREFwith a resistor string, as in figure 3. 


Figure 3. 
Since the ML4621 has a relatively low input impedance 
of 6.8K and is offset by one diode drop, the equation 
which accounts for the load and offset is: 


R2(6800VREF+ 0.7R1) 
VTHADj = ------- 
(8) 
6800(R1+ R2)+ R1R2 


THRESHOLD ADJUSTMENT EXAMPLE 


If you are using the ML4621 and you want the Link 
Monitor 
to trigger when the received optical power 
goes below 1pW (-30dBm), you first need to calculate 
the resultant voltage at V1N+and V1N-. If you are using 
the Hewlett-Packard 
HFBR-24X6Fiberoptic Receiver with 
a responsitivity of 8mV/pW, the peak-to-peak voltage 
would be: 


1pW x 8mV/pW 
= 8mVp_p 
(9) 


So the Link Monitor 
should trigger at some point 


slightly lower than 4mV peak, say 3mV. Setting VTH in 
equation 5 to 3mV and solving for VTHADj yields: 


VTHADj = 600(.003)+ 0.7 = 2.5V 


This is a convenient value since the reference voltage 
supplied by the Quantizer, VREF,is 2.5V. 


The Link Monitor 
has about O.4mV (peak) hysteresis 


built-in. More hysteresis can be induced by connecting 
a resistor between TIL LINK MaN 
and VTHADj creating 


a positive feedback loop. 


Refer to Micro 
Linear's,Application 
Note 6 for more 


detail. 


PARTNUMBER 


ML4621CP 
ML4621CQ 


TEMPERATURE 
RANGE 


O°C to +70°C 
O°C to +70°C 


PACKAGE 


Molded 
DIP (P24N) 


MOLDED PCC (Q28) 
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ML4622, ML4624 


Fiber Optic Data Quantizer 


The Ml4622 
and Ml4624 
Data Quantizers 
are low noise, 
wideband, 
bipolar monolithic 
ICs designed specifically 
for 


signal recovery applications 
in fiberoptic 
receiver systems. 
They contain a wideband 
limiting 
amplifier 
which 
is 


capable of accepting an input signal as low as 2mVp_p 
with a 55dB dynamic 
range. This high level of sensitivity 
is achieved by using a DC restoration feedback loop 
which 
nulls any offset voltage produced 
in the limiting 


amplifier. 


The output stage is a high speed comparator 
circuit with 


both TTl and ECl outputs. An enable pin is included 
for 
added control. 


The link 
Detect circuit 
provides a link 
Monitor 
function 


with a user selectable reference voltage. This circuit 
monitors the peaks of the input signal and provides a 
logic level output indicating 
when the input falls below 


an acceptable 
level. This output can be used to disable 
the Quantizer 
and/or drive an lED, providing 
a visible 
link status. 


• Data rates up to 40MHz 
or 80MBd 


• Can be powered by either +5V providing 
TTl or raised 


ECl level outputs or -S.2V providing 
ECl levels 


• low 
noise design: 25fN 
RMS over bandwidth 


• Adjustable 
Link Monitor 
function 
with hystersis 


• Wide 55dB input dynamic 
range 


• low 
power design 


• Available 
in 16-pin SOIC (Narrow) or DIP (Ml4622), 


24-pin Skinny DIP (Ml4624) 
and 28-pin PCC (Ml4624) 


• Ml.4624 
is pin compatible 
with the Ml4621 


• IEEE802.3 FOIRl, 
1OBASE-FReceiver 


• IEEE802.5 4 and 16 Mbps Fiber Optic Token Ring 
• Fiber Optic 
Data Communications 
and 


Telecommunications 
Receivers 


Vcc TIl- 


vcc 


GND 


GND TIl 
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ML4622 
16-Pin DIP or 
SOIC (Narrow) 


ML4624 
24-Pin Skinny DIP 


NC 
Vcc 


TTLlINKMON 
NC 


TTLlINKMON 
CMP ENABLE 
CMP ENABLE 
NC 


GND 
VTHADJ 
VIN- 
CTlMER 


VIN_ 
VREF 
VIN+ 
VREF 


VIN+ 
ClIMER 
VDC 
VTHADJ 


Voc 
Vcc 
CF2 
GND 


CF2 
TTL OUT 
CFl 
TTL OUT 


CFl 
KL+ 
NC 
Vcc TTL 


GNDTTL 
ECl- 
NC 
GND TTL 


TOP VIEW 
NC 
ECL+ 


NC 
ECL- 


TOP VIEW 


ML4624 
28-Pin PCC 


CMP ENABLE 
TTLlINK 
MON 


NC ! ! NC Vcc 
NC 
NC 


28 
27 


VIN- 
NC 


VIN+ 
CliMER 


NC 
VREF 


Voc 
VTHADI 


CF2 
GND 


CFl 
TTL OUT 


NC 
Vcc TTL 
13 
14 
15 
16 
17 


NC 
NC 
NC 
NC t 
ECl+ t 


ECL- 
GNDTTL 
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ML4622, ML4624 


NAME 
FUNCTION 


VCCTTl 
The positive supply for the TTl 
comparator 
stage. If the TTl output is 


not necessary, connect Vcc TTl to 
Vcc- (Ml4624 
only) 


TTlOUT 
TTl data output. 


Voc 
An external capacitor on this pin 
integrates an error signal which 
nulls 


the offset of the input ampl ifier. If the 
DC feedback loop is not being used, 
this pin should be connected 
to VREF. 


CF2 
A capacitor from this pin to CFl 
controls the maximum 
bandwidth 
of 


the amplifier. 


CFl 
Connect to CF2 through a capacitor. 


GND 
Negative supply. Connect to -5.2V 
for ECl operation, 
or to ground for 


TTl or raised ECl operation. 


VTHADJ 
This input pin sets the link monitor 
threshold. 


VREF 
A 2.5V reference with respect to 
GND. 


CTimer 
A capacitor 
from this pin to Vcc • 


determines the link 
Monitor 


response time. 


Vcc 
Positive supply. Connect to ground 
for negative ECl operation, 
or to 5V 
for TTl or raised ECl operation. 


TTl LINK MaN 
TTl link 
Monitor 
output. Signal is 


low when the V1N+, V1N- inputs 
exceed the minimum 
threshold, 


which 
is set by a voltage on the 
VTHADJ pin. Signal is high when the 
input signal level is below the 
threshold. Capable of driving alOmA 
lED indicator. This pin can be tied to 
CMP ENABLE. 


CMP ENABLE 
A low voltage at this TTl input pin 
enables both the ECl and the TTl 
outputs. A high TTl voltage disables 
the comparator 
output with ECl+ 
high, ECL- low, and TTl OUT high. 


V1W 
This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 
1.6KQ.) 


VIN+ 
This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 
1.6KQ.) 


ECl- 
The ECl comparator 
negative output. 


Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 


ECl+ 
The ECl comparator 
positive output. 


Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 


GND TTl 
The negative supply for the TTl 
comparator 
stage. If the TTl output is 


not necessary, connect GND TTl 
to Vcc. 
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ABSOLUTE MAXIMUM RATINGS 


(Note 1) 


Vcc-GND 
.. 


VCC TIL -GND 
TIL 
.. 
Inputs/Outputs 
GND 
. 
Storage Temperature 
Range 
. 
Lead Temperature 
(Soldering 
10 sec.) . 


. .... 
-0.3 
to +7.0 
. .. 
-0.3 
to +7.0 


-0.3 
to Vcc +0.3 


. .. -6SoC to + 1SO°C 
. .. 
+260°C 


Ml4622, 
Ml4624 
ElECTRICAL CHARACTERISTICS (Note 2 and 3) 


Over 
recommended 
operating 
conditions 
of TA = O°C to 70°C 
for commercial 
temperature 
range, 
TA = -40°C 
to +8SoC 
for 


industrial 
temperature 
range, 
Vcc 
= SV ± 10%, 
GND 
= OV unless 
otherwise 
noted. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 
CONDITIONS 


ICCl 
Vcc Supply Current 
35 
45 
mA 
GNDTIL 
= Vcc 
(TIL Output 
Disabled) 


ICG 
. Vcc Supply Current 
55 
70 
mA 
GNDTIL=GND 


(TIL Output 
Enabled) 


VREF 
Reference Voltage 
2040 
2.50 
2.60 
V 


Iv"" 
VREFOutput 
Source Current 
5 
mA 


Av 
Amplifier 
Gain 
100 
V/V 


VIN 
Input Signal Range 
2 
1600 
mVp_p 


VTHADj 
External Voltage 
at VTHADj 
0.5 
2.7 
V 


Range 
to set VTH 


Vos 
Input Offset 
3 
mV 
VDC = VREF(DC loop inactive) 


EN 
Input Referred Noise 
25 
llV 
50MHz 
BW 


BW 
3dB Bandwidth 
45 
MHz 


R1N 
Input Resistance 
1 
1.6 
2.5 
kQ 
V1N+, VIN- 


IVTHADJ 
Input Bias Current 
of VTHADj 
-200 
10 
+200 
llA 


tpDTIL 
Propagation 
Delay 
15 
ns 
From V1N+, V1N- to TIL 
Out 


V1N = lOmVp_p 


tpDECL 
Propagation 
Delay 
11 
ns 
From VIN+, V1N- to ECL+, ECL- 
V1N = lOmVp_p 


TIL 
VOH 
204 
V 
Vcc TIL 
= 5V, IOH = -50llA 


TIL 
VOL 
0.55 
V 
Vcc TIL 
= 5V, IOL = 2mA 


TILVIH 
2.0 
V 


TIL 
VIL 
0.8 
V 


TILI1H 
-50 
50 
llA 
V1H = 2AV 


TIL 
IlL 
-1.6 
0 
mA 
V1H = OAV 
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ML4622, 
ML4624 
ELECTRICAL CHARACTERISTICS 
(Continued) 


Over 
recommended 
operating 
conditions 
of TA = ooe to 70°C 
for commercial 
temperature 
range, 
TA = --4ooe to +8soe 
for 


industrial 
temperature 
range, 
Vcc = SV ± 10%, 
GND 
= OV unless 
otherwise 
noted. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 
CONDITIONS 


VTH 
Input Threshold 
Voltage 
ML4622 
4 
5 
6 
mVp_p 
VTHADJ = VREF(note 4) 
ML4624 
5 
6 
7 
mVp_p 
VTHADJ = VREF(note 4) 


Hystersis 
20 
% 


VCM 
Common 
mode voltage 
1.65 
V 


on VIN+, 
VIN- 


ECLvoH 
Output 
High Voltage 
at 
Vcc-1.06 
VCC - 0.7 
With 
200n 
load tied to 
ECL+, ECL- 
Vcc - 0.6 
(note 5) 
Vcc-2V 


ECLVOl 
Output 
Low Voltage 
at 
Vcc-1.89 
Vcc-1.62 
With 
200n 
load tied to 


ECL+, ECL- 
Vcc -1.56 
(note 5) 
Vcc-2V 


Note 1: 
Absolute 
maximum 
ratings 
are limits 
beyond 
which 
the life of the integrated 
circuit 
may 
be impaired. 
All 
voltages 
unless 
otherwise 
specified 
are measured 
with 


respect 
to ground. 


Note 
2: 
limits 
are guaranteed 
by 100% 
testing, 
sampling, 
or correlation 
with 
worst-case 
test conditions. 


Note 
3: 
low 
Duty Cycle 
pulse testing is performed at lA' 


Nole 
4: 
DC 
Tested 
- 
Threshold 
for switching 
TTlllNK 
MON 
from 
High 
(off) to low 
(on). 


Note 
5: 
Industrial 
temperature 
range 
specification 
.. 
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ML4622, ML4624 


FUNCTIONAL 
DESCRIPTION 


AMPLIFIER 


The ML4622, 
ML4624 
have an adjustable Bandwidth 


limiting 
amplifier. 
Maximum 
sensitivity 
is achieved 


through the use of a DC restoration feedback loop and 
AC coupling 
the input. When AC coupled, 
the input DC 
bias voltage is set by an on-chip 
network at about 1.7V. 


These coupling 
capacitors, 
in conjunction 
with the input 


impedance 
of the ampl ifier, establ ish a high pass fi Iter 


with a 3dB corner frequency, fL, at 


t - 
1 
L - 
27l'1600C 


Since the amplifier 
has a differential 
input, two capacitors 
of equal value are required. If the signal driving the input 
is single ended, one of the coupling 
capacitors can be tied 


to Vcc as shown in figure 1. 


CF1 and CF2 create a low pass filter with the corner 
frequency determined 
by the following 
equation 


fH= 
1 
27l'800(C+4pF) 


6.1 
10n 


-VRF 


The above equation applies when a single capacitor 
is 


tied between CF1 and CF2. When using two capacitors of 
equal value (Cap1 from CF1 to Vcc, Cap2 from CF2 to 
VccJ the value derived for C should be doubled. 


Although 
the input is AC coupled, 
the offset voltage 
within the amplifier 
will be present at the amplifier's 
output. Th is is represented by Vas in figu re 2. In order to 
reduce this error a DC feedback loop is incorporated. 
This 


negative feedback loop nulls the offset voltage, forcing 
Vas to be zero. Although 
the capacitor on Voc is non- 
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critical, 
the pole it creates can effect the stability of the 
feedback loop. To avoid stability problems, the value of 
this capacitor 
should be at least 10 times larger than the 


input coupling 
capacitors. 


Two types of comparators 
are employed 
in the output 
section of these Quantizers. 
The high speed ECl 


comparator 
is used to provide the ECl level outputs and in 


turn drives the TIl 
comparator. 
The enable pin, CMP 


ENABLE, is provided to control the ECl comparator. 
When CMP ENABLE is low the comparators 
function 


normally. When it's high, it forces ECl+ high, ECl- 
low, 


and TIl 
OUT high. The CMP ENABLE pin can be 


controlled 
with TTl level signals when the Quantizer 
is 
powered by 5V and ground. 


The link 
Detect circuit 
monitors the input signal and 


provides a status signal indicating 
when the input falls 
below a preset voltage level. When the input falls below 
the preset voltage level, the TIl 
LINK MaN 
output 


changes from active (low) to inactive (high). This signal 
can be fed to the Ml4662 
1OBASE-Fl transceiver or a 
similar type of function 
to indicate a low 
light 
Condition. 


This output can also be used to disable the output data by 
tying it to the CMP ENABLE input. 


In many fiber optic systems, including 
Ethernet and Token 


Ring, a bit error rate is given at a minimum 
power level. 


For example, 
in a 1OBase-Fl receiver there must be less 
than 1 x 10-9 bit errors at a receive power level of 
-32.5dBm 
average. Designers of these systems must 


insure that the bit error rate is lower than the specification 
at the given minimum 
power level. One procedure to 
determine the sensitivity of a receiver is to start at the 
lowest optical 
power level and gradually 
increase the 
optical power until the BER is met. In this case the link 
Detect circuit 
must not disable the receiver (i.e. CMP 


ENABLE should be tied to Ground). Once the sensitivity of 
the receiver is determined, 
the Link Detector circuit can 


be set just above the power level that meets the BER 
specification. 
This way the receiver will shut off before the 
BER is exceeded. 


Ml4622, Ml4624 


The Ml4622 
and Ml4624 
quantizers have greater Link 


Detect sensitivity, noise immunity, 
and accuracy than their 


predecessor the Ml4621. 


The threshold generator shifts the reference voltage at 
VTHADj through a circuit which 
has a temperature 
coefficient 
matching that of the limiting 
amplifier. 
The 


relationship 
between the VTHADj and the VTH (the peak to 


peak input threshold) is: 


VTHADj = 417 VTH (Ml4624) 


VTHADj = 500 VTH (Ml4622) 


In most cases, including 
10Base-Fl, 
1OBase-FB and 


Token-Ring, VTHADJ can be tied directly 
to VREF.However 


if greater sensitivity 
is required the circuit 
in figure 3 can 


be used to adjust the VTHADj voltage. Even if VREFis tied 
to VTHADj, it is a good idea to layout a board with these 
two resistors available. 
This will allow potential future 
adjustments without 
board revisions. 


The response time of the link 
Detect circuit 
is set 


by the CTimerpin. Starting from the link off state (i.e., 
TIl 
LINK MaN 
is high), the link can be switched on 


if the input exceeds the set threshold for a time given by: 


T= CT1MERx 0.7V 


700J1A 


To switch the link from on to off, the above time will 
be 


doubled. 
III 
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Ml4622, Ml4624 


BURST 
MODE 


In some fiber optic links, the idle signal is DC, or of a 
frequency that is substantially 
different from the data. For 


these links, a faster· response time of the DC loop and the 
Link Monitor 
is required. 


The ML4622 
and ML4624 
has been designed to 
accommodate 
these two requirements. 
The input coupling 
capacitors can be relatively small and still maintain 
stability. With smaller input coupling 
capacitors and VDC 
capacitor a faster DC loop response time can be achieved. 
The Link Monitor 
is also enhanced to have a faster 


response time. 


PART NUMBER 


ML4622CP 
ML4622CS 
ML4622lS 
ML4624CP 
ML4624CQ 


TEMPERATURE 
RANGE 
PACKAGE 


Molded 
DIP (P16) 
Molded 
SOIC (Narrow) 
(S16N) 


Molded 
SOIC (Narrow) 
(S16N) 


Molded 
DIP (P24N) 


Molded 
PCC (Q28) 


DOCto +7DoC 
O°C to +7DoC 


-4DOC to +85°C 
DOCto +7DoC 
DOCto +7DoC 


~~Micro 
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. PRELIMINARY 


ML4632 


Fiber Optic LED Driver 


The ML4632 is a fiber optic LED driver suited for 
network applications 
up to 20Mbps. The part is capable 


of driving up to 100mA of current through 
a Fiber 


Optic LED from an ECL or ITL level input signal. Its 
efficient output 
stage provides a high current that 


can be programmed 
for accurate absolute output 
level 


as well as automatic temperature 
compensation. 
The 


combination 
of automatic temperature 
compensation 


and a highly accurate current driven design insures 
precise launch power. 


The LED driver's output 
stage provides fast, well 


matched rise and fall times through 
a unique class B 


output stage that burns supply current only when the 
LED is on. A positive temperature 
coefficient 
of up to 


3300ppm/oC can be programmed 
into the output 


current to compensate for the negative temperature 
coefficient 
of the LED optical output 
power. An 


optional 
peaking circuit 
may also be employed. 


The ECL and ITL inputs are ANDed so one can be 
used for data and the other for an enable input. An 
ECL compatible 
BIAS voltage is also provided for single 


ended ECL applications. 


• Current 
Driven 
Output 
for accurate 
Launch Power 


• Programmable 
output 
current 
from 20mA to 100mA 


• Programmable 
temperature 
coefficient, 
0 to 


3300ppm/oC 
• High Efficiency Output 
Stage 
• Programmable 
LED pre-bias current 
• Low EMI/RFI Noise 
• ECL or ITL 
inputs 
• Optional 
peaking circuit 


• IEEE802.3 FOIRL, 10BASE-F 
• IEEE802.5 Fiber Optic 
Token Ring 
• IEEE802.4 Fiber Optic 
Token Bus 
• Fiber Optic 
Data Communications 
and 
Telecommunications 
III 
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ECLN 
ECLP 


VBIAS 
TTL 


LED 
PIAl 


GND 
DRV 


RISET 
VREF 


RPK 
10FF 


PEAK 


16-Pin SOIC 


ECLN 
ECLP 


VBIAS 
TTL 


LED 
PIAl 


GND 
DRV 


RISET 
VREF 


NC 
NC 


RPK 
10FF 


PEAK 
vcc 


TOP VIEW 
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NAME 


ECLN 


DESCRIPTION 


Negative ECLdata input. Tie to VBIAS for 
single ended ECL operation or when ECLP 
is used as an enable. Tie to ground during 
TIL only operation. 


BIAS voltage for single ended ECL 
operation. 


Fiber optic LED drive pin. Connect the LED 
between this pin and VCc. 


Negative power supply. This pin should be 
tied to the grounded 
side of RTSETto 
improve output accuracy and avoid a 
ground loop. 


Output 
current programming 
pin. Connect 
a resistor 'of value VDRV/ILEDfrom this pin 
to ground to set the high LED output 
current. 


Peaking circuit bias pin. Connect a resistor 
of value VDRV/lpEAKfrom this pin to ground 
when using the peaking circuit. Leave open 
circuited when peaking is not used. 


Peaking circuit output 
pin. When using 
peaking, connect this pin to VCC through 
a 
resistor of value RRPK.Then connect a 
capacitor from this pin to the LED cathode. 
When peaking is not used, open circuit RPK. 


NAME 


VCC 


IOFF 


DESCRIPTION 


Positive power supply. +5 volts. 


Connect a resistor from this pin to VCC to 
increase the off current to the LED, i.e. 
4.3kO for 1mA. With this pin open, the 
default IOFF current is between 0.5-1.0mA 


A constant 1.2V reference output 
used to 


set up DRY. 


A DC input that sets the positive swing on 
RTSETand the high level output current to 
the LED. 


Proportional to Absolute Temperature. A 
1.0V reference at 25°C that moves 
proportional 
to absolute temperature, 
also 


used to set up DRY.(See figure 1) 


TIL data input. Can also be used as an 
enable during ECLoperation. TIL = High 
(enabled), TIL = Low (disabled). 


Positive ECL data input controls signal to 
the LED.Tie to VBIAS during TIL only 
operation or use as an enable. 
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Input 
Pin Voltages 
lED Output 
Current 


r L/"\" 
u\.... UUlpUI 
\...urrent 
Storage Temperature 
lead 
Temperature 
(Soldering 
10 sec) 


120mA 


-6SoC to +150°C 
.......... 
260°C 


ELEORICAL 
CHARAOERISTICS 


Over 
the 
recommended 
operating 
conditions 
of TA = O°C to 
70°C, 
Vcc = 5V ± 5%, unless 
otherwise 
specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Icc 
Supply 
Current 
lED off 
25 
35 
mA 


VREF 
VREF Voltage 
No load 
1.14 
1.20 
1.26 
V 


VpTAT 
PTAT Voltage 
No load, 
TA = 25°C 
0.9 
1.0 
1.1 
V 


TA ~ 85°C 
1.08 
1.2 
1.32 
V 


Vos 
Driver 
Offset 
VDRV = 1.2V, RTSET = 200 
50 
mV 


lED 
Current 
Accuracy 
VDRV ~ VREF, RTSET = 200 


ILEDH 
High 
IOFF~ open 
54 
60 
66 
mA 


ILEDL 
low 
. 
0.5 
0.7 
1.0 
mA 


tR 
Rise Time 
VDRV = VREF, RTSET = 200 
4.5 
ns 


tF 
Fall Time 
VDRV ~ VREF, RTSET = 200 
4.5 
ns 


Propagation 
Delay 
VDRV = VREF, RTSET = 200 


tpLH 
low 
to High 
TIl 
and ECl 
10.0 
ns 


tPHL 
High 
to low 
10.0 
ns 


tpwD 
Pulse Width 
Distortion 
VDRV ~ VREF, RTSET ~ 200 
1.0 
2.0 
ns 


VPK 
Peaking 
Voltage 
RRPK= 200, 
CPK = 100pF, RpEAK= 200 
1.08 
1.2 
1.32 
V 


VPKTR 
Peaking 
Rise Time 
RRPK~ 200, 
CPK ~ 100pF, RpEAK= 200 
4.5 
ns 


VpKTF 
Peaking 
Fall Time 
RRPK~ 200, 
CPK ~ 100pF, RpEAK= 200 
4.5 
ns 


IECl 
ECl Input 
Current 
20 
JiA 


InL 
TIl 
Input 
Current 
. 
100 
JiA 


VDO 
Dropout 
Voltage 
between 
. 
1.5 
V 
pin 5 and 3 


IOFF 
Additional 
lED Off Current 
Vcc 
= 5V, R10FF~ 4.3kO 
0.8 
1.0 
1.2 
mA 


VBIAS 
ECl BIAS Voltage 
Vcc 
= SV, TA ~ 25°C 
3.8 
V 


III 


Note 1: 
Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 


Note 
2: 
limits 
are guaranteed 
by 100% 
testing, 
sampling, 
or correlation 
with 
worst·case 
test conditions. 
Note 3: 
low 
Duty cycle pulse testing is performed 
at TA . 
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The ML4632 accepts ECL and TIL 
input signals and 


generates a high speed, high accuracy output 
current 


which 
is independent 
of supply voltage variations. The 


output 
current 
is programmable 
from 20mA to 100mA. 


A temperature 
coefficient 
can be programmed 
into the 


output 
current 
and a peaking circuit 
can be added with 


a few external components. 


The input 
of the LED driver accepts both ECL and TIL 


signals. The ECL input stage is a standard NPN 
differential 
pair with a common 
mode range of 


between 
3V and 4.5V with a +5V supply. A bias voltage 


VBIAS is available for biasing either 
ECL input for 


single-ended 
operation. 
The TIL 
input 
has a standard 


switching 
range of between 
0.8V and 2.0V. These inputs 


are ANDed 
so that the extra input 
can be used as an 


enable. 


Output 
current 
to the LED is set by connecting 
the 


appropriate 
resistance from 
RTSETto ground. 
With 
the 


VREF and DRV pins tied together, 
the high level output 


voltage at RTSETwill be 1.2V. The current 
in the 


external 
resistor will be equal to the current 
through 


the LED. The output 
current 
with 
RTSfTset to 200 will 


be 


IlED (HIGH) = 1.2V/RTSfT= 1.2V/200 = 60mA. 


The low level output 
current 
is set internally 
by a 
resistor at approximately 
O.7mA. This current 
prebiases 


the LED and results in faster optical 
rise times. The 


value of this current 
can be increased by connecting 
a 


resistor from the IOFFpin to VCc. The additional 
current 
will 
be equal to (VCC - O.7V)/RIOFF' 


The voltage input 
at the DRV pin appears across the 


RTSET pin when the LED is turned 
on. The current 
in 


RTSETis directed 
through 
the LED. Therefore 
the voltage 


set at DRV along with the RTSETresistor sets the 
current 
through 
the LED. 


A temperature 
coefficient 
of between 
Oppm/oC and 


3300ppm/oC 
can be programmed 
into the high level 


output 
current 
to compensate 
for the drop 
in LED 


optical 
output 
power 
at high temperatures. 
This is 
accomplished 
by driving 
the DRV pin from a resistor 


divider 
between 
the VREFand PTAT pins. 


When 
DRV is tied directly 
to PTAT,the peak voltage at 


RTSETwill 
be lOV at 25°C and have a 3300ppm/oC 
temperature 
coefficient. 
At 85°C, PTAT is 1.2V and equal 


to VREF.An arbitrary 
temperature 
coefficient 
less than 


3300 ppm/OC can be set by using a resistor divider 
between 
PTAT and VREFto set the voltage at DRY, as 


shown 
in figu re 1 


Figure 1. Current for Programming Output 
lemperature 
Coefficient 


In this configuration 
the temperature 
coefficient 
is 


R1 
TCllED = (3300ppm/OC) ---, 
and 


R1 + R2 


_ 1V + 0.2V (R1 R: R~ 
IlED (HIGH) 
- 
--- 
_ 


RTSET 


The output 
current 
will 
be a linear function 
of 


temperature. 
A plot of IlED versus temperature 
for 


several values of the programming 
resistance, R1 and 
R2, in figure 2. 


The ML4632 output 
stage conducts 
full load current 


only when the LED is on, and even then power 
dissipation 
in the part is low because most of the +5V 
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supply voltage is dropped across the LED and external 
resistor RTSET.Even with a low power design, the LED 
driver junction 
temperature will rise above ambient due 


to quiescent power dissipation and won't exactly match 
the LED junction 
temperature 
since it is also self- 
heating. Therefore, the effectiveness of a temperature 
compensated design will be related to component 
power dissipations, thermal conductance 
of the PC 


board and packaging, and the proximity 
of the LED 


driver to the LED. 


The ML4632 also provides for peaking of the LED 
output current. Peaking is used to counteract the 
effects of the LED junction 
capacitance. By creating a 


controlled 
overshoot and undershoot 
in the output 


current waveform, charge is transferred to and from the 
LED capacitance on the rising and falling edges of the 
output, speeding up rise and fall times. 


To provide peaking current, a second output stage is 
biased up with a resistor from RPK to ground and 
another from PEAKto Vcc. 
When these bias resistors 
are set equal to each other, a pulse will be generated 
across the RpEAKresistor with a magnitude equal to the 
voltage on the DVR pin. A coupling 
capacitor transfers 


the peaking current from the PEAKpin to the LED on 
the rising and falling edges of the output current 
waveform. 


Ml4632 


A typical application 
is shown in figure 3. When the 


resistors RRPKand RpEAKare both set to 200, a pulse 
will be generated at the PEAK pin of magnitude 1.2V 
and equivalent resistance 200 (assuming VDRV= 1.2V). 


The peaking current is coupled through 
the 100 pF 


capacitor, CPEAK,which will transfer 120 pC of charge 
to and from the LED on each cycle of output 
current. 


The peaking circuit shown provides approximately 
a 
70% overshoot current into a 00 LED impedance. 
Peaking currents will be slightly lower for real LED's. 
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Ml4632 


ORDERING 
INFORMATION 


PART NUMBER 
TEMPERATURE RANGE 
PACKAGE 


ML4632CP 
DOC to +7DoC 
14-Pin Molded 
DIP (P14) 


ML4632CS 
DOC to +7DoC 
16-Pin SOIC (S16W) 
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PRELIMINARY 


ML4642 


AU I Multiplexer 


The ML4642 AUI Multiplexer 
contains all the necessary 
drivers/receivers 
and control 
logic to implement 
a 2 port 


MAU when used in conjuction 
with a transceiver chip 


which 
has a standard 802.3 AUI interface. In addition, 
the 
ML4642 
is capable of operating 
in stand-alone mode 
where it interconnects 
two DTEs in the absence of a 
network MAU. Several ML4642s can be cascaded 
together to implement 
a 4 or 8 port MAU or stand-alone 
device. 


Logic within 
the ML4642 detects collisions 
resulting from 


multiple 
DTEs transmitting 
simultaneously. 
In addition, 
collision 
signals received from a transceiver attached at 


the MAU port are propagated to both of the DTE ports. 
jabbering 
DTEs are prevented from loading down the 
network by internal jabber timers which disable babbling 
ports. 


Squelch circuitry' on port receivers prevent noise on the 
cables from being erroneously 
interpreted 
as valid data. 


Transmit, receive, collision, 
and jabber LED drivers 


indicate network activity and faults. The ML4642 
is 
available 
in a 28 pin SSOP package. 


• 
IEEE802.3 compliant 
AUI interfaces assure 
compatibility 
with any AUI ready devices. 


• 
No crystal or clock input. 


• 
On-chip 
jabber logic, Collision 
Detection, 
and SQE 


test with enable/disable 
option. 


• 
Selectable Loopback, jabber, and SQE Test allows 
cascading of multiple 
chips to increase DTE port 
fan-out. 


• 
Six network status LED outputs. 


• 
28 pin SSOP packaging 


• 
Semi-standard options available 
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ML4642 
28-PIN SSOP (R28) 
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PIN DESCRIPTION 


PIN NO. 
NAME 
FUNCTION 
DESCRIPTION 


RXLED/LPBK/SQE 
I/O 
Active low receive LED driver for MAU port. If tied to ground, this pin 
enables internal loopback of the active TXIN pair to the RXOUT pairs 
and enables SQE test. If tied to 0.6 volts internal loopback 
is enable but 
SQE test is disabled. 


2 
RXINP 
Input 
Receive signal pair for MAU port. 


3 
RXINN 
Onput 
Receive signal pair for MAU port. 


4 
JAB1/JDIS 
I/O 
Active low jabber LED driver for DTE port 1. If tied to ground, the jabber 
function 
is disabled at TXIN1 and TXIN2. 


5 
RRSET 
Input 
Bias setting external resistor, 61.9KO. 


6 
Vcc 
Power 
+5 volt power supply 


7 
TXOUTP 
Output 
Transmit signal pair for MAU port. 


8 
TXOUTN 
Output 
Transmit signal pair for MAU port. 


9 
TXLED1 
Output 
Active low transmit LED driver for DTE AUI port 1. 


10 
TXLED2 
Output 
Active low transmit LED driver for DTE AUI port 2. 


11 
TXIN2P 
Input 
Transmit signal pair for DTE port 2. 


12 
TXIN2N 
Input 
Transmit signal pair for DTE port 2. 


13 
TXIN1P 
Input 
Transmit signal pair for DTE port 1. 


14 
TXIN1N 
Input 
Transmit signal pair for DTE port 1. 
III 
15 
Vcc 
Power 
+5 volt power supply 


16 
CDOUT2N 
Output 
Collision 
signal pair for DTE port 2. 


17 
CDOUT2P 
Output 
Collision 
signal pair for DTE port 2. 


18 
CD LED 
Output 
Active low collision 
LED driver. 


19 
CDINN 
Input 
Collision 
signal pair for MAU port. 


20 
CDINP 
Input 
Collision 
signal pair for MAU port. 


21 
JAB2 
Output 
Active low jabber LED driver for DTE port 2. 


22 
CDOUT1P 
Output 
Collision 
signal pair for DTE port 1. 


23 
CDOUT1N 
Output 
Collision 
signal pair for DTE port 1. 


24 
GND 
Ground 
GND. 


25 
RXOUT2P 
Output 
Receive signal pair for DTE port 2. 


26 
RXOUT2N 
Output 
Receive signal pai r for DTE port 2. 


27 
RXOUT1N 
Output 
Receive signal pair for DTE port 1. 


28 
RXOUT1P 
Output 
Receive signal pair for DTE port 1. 
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Power Supply Voltage 
Range Vee 


Input Current 
RRSET,JAB1/JABD, 
JAB2, CDLED, 
RxLED/LPBK/SQE, 
TxLED1, 
TxLED2 
. . . . 
. 
60mA 
Storage Temperature 
. . . . . . . . . . . 
-65°C 
to + 150°C 
Lead Temperature 
(Soldering 
10 seconds) 
260°C 


Supply Voltage (Vee) 
LED on Current. 
RRSET 
. 


.. 
5V ± 10% 
.. 
10mA 
61.9KQ± 
1% 


Ml4642 
ElECTRICAL CHARACTERISTICS 


Unless 
otherwise 
specified 
TA = O°C to 70°C 
(Note 
3), Vcc 
= SV ± 10%. 


PARAMETER 
CONDITIONS 
MIN 
TYP. 
MAX 
UNITS 


Power Supply Current 
Ice 
Vee= 
5V 
60 
90 
mA 
(Note 4) 


LED Drivers: 
RL=51OQ for CDLED, 
TXLED1 ,2, jAB2 
0.8 
V 


VOL 
RL=270Q for jAB1/jDIS, 
RxLED/LPBK/SQE 
(Note 5) 


Transmit 
Squelch 
Voltage 
Level 
-300 
-250 
-200 
mV 


(Tx+, Tx-) 


Differential 
Output 
Voltage 
I 
±550 
±1200 
mV 


Common 
Mode Output 
Voltage 
, 
4.0 
V 


Differential 
Output 
Voltage 
Imbalance 
2 
±40 
mV 


RxLED/LPBK/SQE 
SQE Enabled/Loopback 
Enabled 
0.3 
V 
SQE Disabled/Loopback 
Enabled 
0.4 
0.6 
0.8 


Note 
1: 
Absolute 
maximum 
ratings 
are limits 
beyond 
which 
the 
life of the integrated 
circuit 
may 
be impaired. 
All 
voltages 
unless 
otherwise 
specified 
are measured 
with 


respect 
to ground. 


Note 
2: 
Limits 
are guaranteed 
by 
100% 
testing, 
sampling, 
or correlation 
with 
worst-case 
test conditions. 


Note 
3: 
low 
Duty 
cycle 
pulse 
testing 
is performed 
at TA. 


Note 
4: 
This 
does 
not 
include 
the current 
from 
the AUI 
pull 
dpwn 
resistors 
or the lED output 
pins. 


Note 
5: 
lED 
drivers 
can 
sink 
up to 20mA, 
but VOL will be higher. 
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ML4642 
ELECTRICAL CHARACTERISTICS 
(Continued) 


AC 
ELECTRICAL 
CHARACTERISTICS 


SYMBOLS 
PARAMETER 
MIN 
TYP. 
MAX 
UNITS 


TRANSMIT 


tTXNPW 
Transmit 
Turn-On 
Pulse Width 
20 
ns 


tTXFPW 
Transmit 
Turn-Off 
PulseYVidth 
'.- 
!.- 
180 
ns 
.'.- - 


tXODY 
Transmitter 
Turn-On 
Delay 
30 
ns 


tTXlP 
Transmit 
Loopback 
Startup Delay 
\ 
40 
ns 
. 


tTXSDY 
Transmit 
Steady State Prop. Delay 
15 
ns 


tTXl 
Transmitter 
jitter 
\ 
." 
1 
ns 


RECEIVE 


tRxODY 
Receive Turn-On 
Delay 
, 
, 
20 
ns 


tRXSDY 
Receive Steady State Prop. Delay 
15 
ns 


tRxl 
Receiver jitter 
1 
ns 


tAR 
Differential 
Output 
Rise Time 
3 
ns 
20% to 80% (Rx+/-, 
COL+/-) 


tAF 
Differential 
Output 
Fall Time 
3 
ns 


20% to 80% (Rx+/-, 
COL+/-) 


COLLISION 


lcPSQE 
Collision 
Present to SQE Assert 
0 
200 
ns 


tSQEXR 
Time for SQE to Deactivate 
after a collision 
200 
500 
ns 


tClF 
Collision 
Frequency 
8.5 
10 
11.5 
MHz 


- ~ 


lclPDC 
Collision 
Pulse Duty Cycle 
40 
50 
60 
% 


tSQEDY 
SQE Test Delay (Tx Inactive 
to SQE) 
., 
0.6 
1.1 
1.6 
~s 


- 


tSQETD 
SQE Test Duration 
0.5 
1.0 
1.5 
~s 


tSQEB 
SQE Blank Period 
- 
o' 
r 
,. 
- 
4 
7 
~sec 


JABBER, LINK TEST AND 
LED TIMING 


tlAD 
Jabber Activation 
Delay 
7 
13.5 
20 
ms 


tJRT 
Jabber Reset Unjab 
Time 
250 
450 
750 
ms 


tlSQE 
Delay from Outputs 
Disabled 
to 
100 
ns 
Collision 
Oscillator 
On 


tlEDT 
CDLED, 
RxLED, TxLED1, TxLED2 On Time 
20 
50 
300 
ms 
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Figure 9 is a block diagram of a Two Port Multiplexer 
using the ML4642 chip. All AUI interfaces are shown AC 
coupled 
as they would 
be in an AUI multiplexer 
which 


does not include the MAU circuitry 
on the same board. 


The transmit function 
consists of detecting data on either 


of the TXIN differential 
receivers (TXINl 
or TXIN2) and 


transmitting 
this data out the TXOUT differential 
driver at 


the MAU port as well as both RXOUTl 
and RXOUT2 
drivers of the DTE ports. (Note: the looping back of data 
received at a TXIN pair to the RXOUT pairs is discussed in 
the Loopback section.) 


Before data will 
be transmitted to the TXOUT and RXOUT 
pins from the TXIN pins it must meet the unsquelch 
requirements of the TXIN receiver circuitry. 
The squelch 


circuitry 
prevents any noise on the TXIN wires from being 


misinterpreted 
as data and transmitted 
to the TXOUT and 


RXOUT pins. The squelch circuit 
rejects signals with pulse 
widths less than typically 
20ns and voltage levels more 


positive than -250mV. 
Once the TXIN receiver is 


unsquelched 
it remains so until reception of the input idle 
signal, which 
is detected when the TXIN signal is more 
positive than -170mV 
for longer than 180ns. 


The receive function 
consists of detecting data at the RXIN 


differential 
receiver of the MAU port transmitting 
this data 


to both DTE port RXOUT pairs. 


Before data will be transmitted to the RXOUT pins of the 
DTE ports it must meet the unsquelch requirements 
for the 


RXIN receiver circuitry. 
The squelch circuitry 
at the RXIN 


differential 
receiver input performs the same function 
as 
that of the TXIN squelch circuitry 
using the same noise 


rejection criteria. 


~II 


TXIN1P 
vcc 


vcc 


TXIN1N 
GND 
390 


ML4642 
RRSET 
61.9K 
~II 


RXOUT1P 
TXOUTP 


TO OlE 1 
RXOUT1N 
TXOUTN 


3600 
3600 


~II 


CDOUTlP 
RXINP 


CDOUTlN 
RXINN 
TOMAU 
3600 
390 


~II 


TXIN2P 
T 


TXIN2N 
COINP 


390 
CDINN 


T 


390 


~II 


RXOUT2P 


TO OlE 2 
RXOUT2N 
T 
IAB1/IABD 


3600 
270 
IAB2 
5100 
CDlED 
~II 


CDOUT2P 
5100 


TXlED1 


510 
CDOUT2N 
TXlED2 
5100 


3600 
RXlED/lPBK/SQE 
1 2700 


3 
B.06KO 


~ 


+5V 


Switch Option 
1KO 
1. Receive lED with Internal/External 
MAU 


2. No MAU/No SQE 
3. No MAU wilh SQE 


.~Micro Linear 


There are two conditions 
that constitute a collision 
from 


the point of view of the ML4642: 


a) If data is received at the TXIN inputs of both DTE ports 
simultaneously 
a local collision 
occurs within 
the 
ML4642. 


b) If the COIN input is active at any time other than the 


inter-packet gap window 
allowed 
for the SQE Test 


function 
described below. 


In either of the above circumstances 
it is necessary for the 
ML4642 
to drive the CDOUT 
pairs on both DTE ports 
with the collision 
signal. The collision 
signal consists of a 
10 MHz +/- 15% square wave matching the AUI 
specifications 
and capable of driving a 78Q load. The 
collision 
signal shall turn on within 
2 bit times of the 
origination 
of the collision 
condition 
and shall turn off 


within 
2-5 bit times after the collision 
condition 
subsides. 


During a collision 
condition 
there are two sources for data 
to be transmitted 
to TXOUT, TXlN1 and TXIN2. The 
highest priority 
source for data to be transmitted to 


TXOUT is .the TXIN1 receiver. 


For example if TXlN2 begins transmission then TXlN1 
turns on, the collision 
oscillator 
will turn on and TXOUT 


will switch from TXIN2 to TXIN1. If the collision 
ends by 
TXlN1 turning off first, TXOUT will switch from TXlN1 to 
TXIN2, and 2-5 bit times later the collision 
oscillator 
will 


turn off. 


The MAU port's COIN receiver contains squelch circuitry 
to prevent noise from causing the erroneous detection of a 
collision 
signal. A signal on the COIN pair will 
not be 
considered 
active until it exceeds the same squelch 


requirements 
as those of the TXIN receivers. 


LOOPBACK 


The loopback 
function 
allows the ML4642 to emulate a 
coaxial transceiver by propagating 
the TXIN data back out 


the RXOUT pair of the same DTE port that is sourcing the 
data as well as the RXOUT pair of the idle DTE port. This 
allows the Ethernet controller 
sending the data to monitor 


its transmit packets and detect network faults. 


The loopback function 
is enabled at both DTE ports when 


the RXLED pin is tied to ground, or 0.6 volts. 


SQE TEST FUNCTION 


The Signal Quality 
Error (SQE) Test function 
allows the 
DTE to determine whether or not the collision 
detection 


circuitry 
is functional. 
After each transmission, during the 
inter-packet gap time, the collision 
signal will 
be activated 


on the CDOUT 
pair of the same port as the TXIN pair 


which 
received the packet, for typically 
1 1lS. The SQE 
function 
will 
not be activated on DTE ports of the ML4642 
which 
are in the Jabber state. The SQE function 
is enabled 


on both DTE ports when the RXLED/LPBK/5QE pin is 
grounded. 


JABBER 


The jabber function 
prevents a babbling 
transmitter from 


loading down the network. Within 
the ML4642 
is a jabber 


timer on each TXIN receiver. Each timer starts at the 
beginning of a received packet and resets at the end of 
each packet. If a packet lasts longer than 7 to 20ms the 
jabber logic disables its corresponding 
TXIN receiver (thus 


preventing 
its data from being retransmitted) and 
generates a collision 
signal on the babbling 
port's CDOUT 


pair. When the TXIN pair finally goes idle, a second timer 
measures 0.5 seconds of idle on TXIN prior to re-enabling 
the receiver and turning off the collision 
signal. If the 


TXIN pair becomes active again before the 0.5 seconds 
has expired, the timer is reset and measures another 0.5 
seconds of idle time. 


The jabber function 
can be disabled on both ports by 


tying the JAB1/JABD pin to ground. 


LED DRIVERS 


The ML4642 
has six LED driver pins. Each DTE port has a 


transmit LED and a jabber LED and the MAU port has a 
receive LED. Additionally, 
there is a collision 
LED which 


indicates the presence of a collision 
condition. 
All LED 


drivers are active low 1OmA current sources. 


The TXLED, RXLED, and CDLED outputs have 50ms pulse 
stretchers on them to enable the LEOs to be visible. The 
JLED outputs do not have pulse stretchers on them 
because their conditions 
occur long enough for the LEOs 


to be visible. 


Two of the ML4642 
LED o~ts 
serve as configuration 


pins as well. RXLED/LPBK/SQE and JAB1/JDIS may be tied 
through a resistor to Vcc, tied through a resistor and a LED 
to Vcc or grounded. Additionally 
RXLED/LPBK/SQE may 


be tied to a specific voltage. When these pins are 
grounded or tied to a 0.6 Volts they become configuration 
inputs. Otherwise 
when tied high they become status 
outputs. 
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CASCADING 
THE ML4642 FOR 4 AND 8 PORT 


DESIGNS 


The configurability 
of such functions as loopback, jabber, 
and SQE allows ease of cascading multiple 
ML4642 
chips 


for larger fan-out designs. Figure 10 shows a four port AUf 
Multiplexer 
design. For a type 0 configuration 
both jabber 
and transmit LEOs are available on a per port basis for 
status. The RXLED/LPBK/SQE pins are tied through a 
resistor to 5 volts, and CDLED is wire OR'ED with the 
other chip for one collision 
detect status LED per system. 


There is also only one receive LED status output which 
is 


displayed 
in a type 2 configuration. 
This particular 
pin in 
a type 2 configuration 
offers three options. 
In option 
1, 


when tied to +5 volts through a resistor and an LED, an 
internal or external MAU will 
be connected. 
For stand- 
alone operation 
without 
an internal or external MAU a 


loopback 
is required. Option 
2 allows loopback with no 
SQE test while option 3 provides loopback with an SQE 
test. 
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An eight port design is accomplished 
in the same way as 
shown in the block diagram in Figure 11. In an eight port 
design Type 0 and Type 2 configuration 
remain the same 
as in a four port design.~ 
lJ:!2wever 
only differs from 


Type 2 by tying RXLED/LPBK!SQE through a resistor to +5 
volts. Table 1 summerizes all of the different 
LED 


configurations. 


SQE TEST WHEN 
CASCADING 


As mentioned 
before, after each transmission during the 


interpacket gap time the collision 
signal will 
be activated 
on the CDOUT 
pair of the same port as the TXIN pair 
which 
received the packet. When cascading ML4642s to 


implement 
4 or 8 port designs, the path is remembered 


and followed 
to acheive this function. 
The paths that did 


not carry the transmit data blocks CDOUT 
for 4-7 Ilsec 


after transmission to guarantee that only the port that 
transmitted 
will see SQE test. 


RXLED/LPBK/SQE 


GND, 
O.6V, LED 


JAB2 


LED 


III 
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PART 
NUMBER 


ML4642CR 


TEMPERATURE 
RANGE 
PACKAGE 


28-Pin SSOP (R28) 
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10BASE-T Transceiver 


The ML4652/ML4658 10BASE-TTransceivers are single 
chip cable line driver/receivers 
that provides all of the 
functionality 
required to implement 
both an internal 


and external IEEE802.3 10BASE-TMAU. These parts 
offer a standard IEEE802.3 AU interface that allows 
them to directly 
connect to industry standard 


manchester encoder/decoder 
chips or an AUI cable. 


These parts require a minimal 
number of external 


components, 
and are compliant 
to the IEEE802.3 
10BASE·Tstandard. The differential 
current driven 


transmitter 
offers superior performance 
because of its 


highly symetrical switching. This results in low RFI 
noise and low jitter. 


The Transceiver easily interfaces to 1000 unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic 
impedances by simply 
changing one external resistor. Jabber, Link Test, and 
5QE Test are fully integrated onto the chip with 
enable/disable 
options. A polarity detection 
status pin, 
which can drive an LED, is provided 
for receive data, 
and the ML4658 offers automatic 
polarity correction. 


The ML4652 and ML4658 are available in 24 pin skinny 
DIP as well as a 28 pin PLCC. 


• Complete 
implementation 
of IEEE802.3 10BASE-T 


Medium 
Attachment 
Unit (MAUl 


• Incorporates 
an AU interface for use in an external 


MAU or internal 
MAU 
• Single +5 volt supply ± 10% 
• No crystal or clock 
input 
• Current 
Driven 
Output 
for low RFI noise and low 


jitter 
• Capable of driving 
1000 unshielded 
twisted 
pair 
cable or 1500 shielded 
twisted 
pair cable 


• Polarity detect 
status pin capable of driving 
an LED 


• Automatic 
Polarity Correction 
on the ML4658 


• On-chip 
Jabber logic, Link Test, and SQE test with 


enable/disable 
option 
• ML4652 and ML4658 provide 
six network 
status 


LED output 
pins 


• ML4652 and ML4658 are available in a 24 pin 


skinny DIP or 28 pin PLCC 


• Semi-standard 
option 
using Micro 
Linear's FB3651 


LAN Transceiver Tile Array 
a 


TxTP+ 


TxTP- 


TxCAPO 
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PIN DESCRIPTION (DIP) 


NAME 


CLSN 


COL+ 
COL- 


5 
Rx+ 


6 
Rx- 


7 
VCC 
8 
Tx+ 


9 
Tx- 


10 
RTSET 


11 
RRSET 


12 
POLRD 


13 
XMT 


14 
RCV 


15 
TxTP- 
16 
TxTP+ 


GND 


TxCAP1 
TxCAPO 


FUNGION 


Indicates that a collision is taking place. Active low LED driver, open collector. Event is 
extended 100ms for visibility. 


Gated 10MHz signal used to indicate a collision, SQE test, or jabber. Balanced differential 
line driver outputs that meet AU interface specifications. AC or DC 
coupled. 


SQE Test Enable, Link Test Disabled, Jabber Disabled. This input uses four voltage levels 
to configure the chip as shown in Table 1. 


Pin 
SQE Test 
Link lest 
Jabber 


OV (GND) 
Disabled 
Enabled 
Enabled 
1.2V 
Disabled 
Disabled 
Disabled 


BIAS 
Enabled 
Disabled 
Enabled 


5V (Vcd 
Enabled 
Enabled 
Enabled 


When link test is disabled, no link pulses are transmitted, and the transmitter and receiver 
will not be disabled as a result of a loss of receive link pulses. When Jabber is disabled 
the transmitter can transmit continuously 
without 
interruption, 
and the collision oscillator 
will not be activated. 


Manchester encoded receive data output to the local device. Balanced differential 
line 


driver outputs that meet AU interface specifications. AC or DC coupled. 


+5 Volt power input. 


Balanced differential 
line receiver inputs that meet AU interface specifications. These 


inputs may be AC or DC coupled. When AC coupled, the BIAS pin is used to set the 
common 
mode voltage. Signals meeting the transmitter squelch input requirements are 


pre-equalized and output on TxTP+ and TxTP-. 


When using 1000 unshielded twisted pair, a 2200 resistor is tied between this pin and 
Vcc. When using 1500 shielded twisted pair, a 3300 resistor is tied between this pin and 
Vcc· 
A 1% 61.9KO resistor tied from this pin to Vcc is used for internal biasing. 


Receive Polarity status. Active low LED Driver, open collector output. Indicates the polarity 
of the receive twisted pair regardless of auto polarity correction. When this pin is high, 
the receive polarity is correct, and when this pin is low the receive polarity is reversed. 


Indicates that transmission is taking place on the TxTP+, TxTP- pair. Active low LED driver, 
open collector. It is extended 100ms for visibility. 


Indicates that the transceiver has unsquelched and is receiving.data from the twisted pair. 
Active low LED driver, open collector. It is extended 100ms for 
visibility. 
. 


Pre-equalized differential balanced current driven output. These outputs are connected 
to a balanced transmit output filter which drives the twisted pair cable through 
pulse 


transformers. The output current is set with an external resistor connected to RTSET. 
allowing the chip to drive 1000 unshielded twisted pair, 1500 shielded twisted pair 
cables or a range of other characteristic impedances. 


Ground reference. 


An external capacitor of 330pF is tied between these two pins to set the pulse width for 
the pre-equalization 
on the transmitter. If these two pins 'are shorted together, no 
pre-equalization 
occurs. 


Lir;1f(Test Fail. Active high. Normally this pin is low, indicating that the link is operational. 
If the link goes down resulting from the absence of link pulses or frames being received, 
the chip will go into the Link Test Fail state and bring LTFhigh. In the Link Test Fail state, 
both the transmitter and receiver are disabled, however link pulses are still sent. A station 
that only has access to the AUI can detect a Link Test Fail by the absence of loopback. 
This pin is low when the Link Test is disabled. Open collector 
LED output. 
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PIN NO. 
NAME 


21 
RxTP- 


22 
RxTP+ 


23 
BIAS 


24 
JAB 


FUNCTION 


Twisted Pair receive data input. When this signal exceeds the receive squelch 
requirements the receive data is buffered and sent to the Rx+/- outputs. 


Bias voltage, output. Used to bias the receive twisted pair inputs as well as the Tx+/- 
inputs when they are AC coupled. 


Open collector TIL output capable of driving an LED.When in the Jabber stat~, this pin 
will be low and the transmitter will be disabled. In the Jabber "OK" state this pin will 
be high. 


CL5N 
JAB 


COl+ 
BIAS 


COl- 
RxTP+ 


SQENILTDIIABD 
RxTP- 


Rx+ 
lTF 


Rx- 
6 
19 
TxCAPO 


Vcc 
7 Ml4652 
18 
TxCAPl 
Ml4658 
Tx+ 
17 
GND 


Tx- 
16 
TxTP+ 


RTSET 
10 
15 
TxTP- 
II 
RRSET 
11 
14 
RCV 


POlRD 
12 
13 
XMT 


TOP VIEW 


COl- 
ClSN 
BIAS 


SQEN/lTD/jABD 
I COl+ I 
lAB 
I 
RxTP+ 


3 
2 
1 
28 
27 
26 


NC 
25 
RxTP- 


Rx+ 
24 
lTF 


Rx- 
23 
NC 


Vcc 
Ml4652 
22 
lxCAPO 
Ml4658 
vcc 
21 
TxCAP1 


Tx+ 
10 
20 
GND 


Tx- 
11 
19 
GND 
12 
13 
14 
15 
16 
17 
18 


I RRSET I XMT 
I TXTP-I 


RTSET 
POlRD 
RCV 
TxTP+ 


TOP VIEW 
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ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 
OPERATING 
CONDITIONS 


(Note 2) 


Power 
Supply 
Voltage 
Range 


Vcc 
...........................•.......•.... 
-0.3 to 6V 
Input 
Voltage 
Range 


Digital 
Inputs 
(SQEN, LTD) 
-0.3 to VCC 
Tx+, Tx-, 
RxTP+, RxTP- 
-0.3 to Vcc 
Input 
Current 
_ 
RRSET,RTSET,JAB, CLSN, XMT, RCV, LTF 
60mA 


Output 
Current 


TxTP+, TxTP- 
80mA 


Storage Temperature 
-65°C 
to +150°C 
Lead Temperature 
(Soldering 
10 seconds) 
260°C 


Supply 
Voltage 
(Vce) 
......•....................... 
5V ± 10% 


LED on Current 
...........•.......•...•...•........... 
10mA 


RRSET ........................•....•....•........ 
61.9KO ± 1% 


RTSET .....•................. 
"'.................. 
2200 
± 1% 


TxCAP 
.. . .• .. .• . . . . . .. . . .• . .. .. . .. . .. .. . . . . 
330pF 


ELECTRICAL CHARACTERISTICS 
Unless 
otherwise 
specified 
TA = O°C to 
70°C 
(Note 
3), Vcc 
= SV ± 
10% 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Power 
Supply 
Current 
Ice (Note 
4) 
Vcc 
= 5V 
140 
mA 


LED Drivers: 


VOl 
Rl = 5100 (Note 
5) 
0.8 
V 


Transmit 
Peak Output 
Current 
RTSET = 2200 
42 
mA 
(Note 
6) 


Transmit 
Squelch 
Voltage 
Level (Tx+, Tx-) 
-170 
mV 


Differential 
Input 
Voltage 
(RxTP+, RxTP-) 
±0.300 
±3.1 
V 


Receiver 
Input 
Resistance 
, 
10 
KO 


SQEN/LTD/jABD 
Input 
Resistance 
12 
KO 


Receive Squelch 
Voltage 
Level (RxTP+, RxTP-) 
300 
450 
585 
mV-p 


Differential 
Output 
Voltage 
(Rx+/-, 
COL+/-) 
±550 
±1200 
mV 


Common 
Mode 
Output 
Voltage 
(Rx+/-, 
COL+/-) 
4.0 
V 


Differential 
Output 
Voltage 
Imbalance 
(Rx+/-, COL+/-) 
2 
±40 
mV 


BIAS Voltage 
3.2 
V 


SQEN/LTD/jABD 
SQE TEST disabled 
.3 
V 
All disabled 
1.1 
1.4 


Link Test disabled 
BIAS-0.15 
BIAS+0.15 
All Enabled 
Vcc-0.05V 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified 
are 
measured 
with 
respect 
to ground. 


limits 
are guaranteed 
by 100% testing, 
sampling, 
or correlation 
with 
worst-case 
test conditions. 
Low Duty cycle pulse testing is performed at TA. 
This does not include the Current from the AUI pull down resistors,the transmit pins TxTP+and TxTP- or the LEDoutput pins. 
LEDdrivers can sink up to 20mA, but VOl will be higher. 
This current will result in a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter 


and 
transformer 
as shown 
in Figure 
12. 


Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
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AC ELEORICAL 
CHARACTERISTICS 


SYMBOL 
I 
P._~_RAM 
__ ET_E_R 
~_M_IN __ 
~ __ lY_P_~__ 
MAX 
U_N_IT_S_ 


Transmit 


tTXNPW 
Transmit 
Turn-On 
Pulse Width 
20 
ns 


tTXFPW 
Transmit 
Turn-Off 
Pulse Width 
180 
ns 


tTXlP 
Transmit 
Loopback 
Startup 
Delay 
200 
ns 


tTXODY 
Transmitter 
Turn-On 
Delay 
200 
ns 


tTXSDY 
Transmit 
Steady State Prop. Delay 
c 
15 
100 
ns 


tTX) 
Transmitter 
Jitter 
±2 
±3.5 
ns 


tRXODY 
Receive Turn-On 
Delay 
if Transmit 
is Idle 
420 
500 
ns 


tRXTDY 
Receive Turn-On 
Delay 
if Transmit 
is Active 
650 
800 
ns 


tRXFX 
Last Bit Received 
to Start Slow Decay Output 
230 
800 
ns 


tRXSDY 
Receive Steady State Prop. Delay 
15 
100 
ns 


tRXI 
Receiver 
Jitter 
±0.7 
±1.5 
ns 


tAR 
Differential 
Output 
Rise Time 
20% to 80% (Rx+/-, 
COL+/-) 
3 
ns 


tAF 
Differential 
Output 
Fall Time 
20% to 80% (Rx+/-, 
COL+/-) 
3 
ns 


tCPSQE 
Collision 
Present to SQE Assert 
0 
900 
ns 


tTXRX 
Time for loopback 
to Switch 
from 
Tx to RxTP During 
0 
900 
ns 
a Collision 


tSQEXR 
Time for SQE to Deactivate 
Given 
That RxTP Goes Idle 
0 
900 
ns 


and TxTP Continues 


tSQEXT 
Time 
for SQE to Deactivate 
Given 
That TxTP Goes Idle 
0 
900 
ns 


and RxTP Continues 


tClF 
Collision 
Frequency 
8.5 
10 
11.5 
MHz 


tClPDC 
Collision 
Pulse Duty 
Cycle 
40 
50 
60 
% 


tSQEDY 
SQE Test Delay (Tx Inactive 
to SQE) 
, 
0.6 
1.1 
1.6 
/lS 


tSQETD 
SQE Test Duration 
0.5 
1.0 
1.5 
/ls 


D 


tlAD 
Jabber Activation 
Delay 
20 
70 
150 
ms 


tJRT 
Jabber Reset Unjab 
Time 
250 
450 
750 
ms 


tlSQE 
Delay from 
Outputs 
Disabled 
to Collision 
Oscillator 
On 
100 
ns 


tllT 
link 
loss Time 
SO 
95 
150 
ms 


tLTN 
link 
Test Pulse Receive Minimum 
Time 
2 
4.2 
7 
ms 


tLTX 
link 
Test Pulse Receive Maximum 
Time 
25 
70 
150 
ms 


tTlP 
link 
Test Pulse Repetition 
Rate 
8 
16 
24 
ms 


tlTPW 
link 
Test Pulse Width 
85 
100 
200 
ns 


tlEDT 
XMT, RCV, ClSN 
On Time 
30 
100 
300 
ms 
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TIMING 
DIAGRAMS 
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TXTP+==::>< 
X 
VALID X 
DATA X 
X 
X 
TxTP- 


RxTP+ 


RxTP- 


COl+ 


COl- 


R>+ 
X 
X 
X 
Tx 
Tx 
RxTP 
RxTP 
RxTP 
R>- 


RxTP+ ==>< 
X 


VALID X 
0AlA 
X 
X 
X 
x== 


RxTP- 


TxTP+ 
E::~"X 
X 
X 
X 
x== 
III 
DATA 


TxTP- 


COl+ 
"~'bX 
X 
X 
x== 


cso 


COl- 


Figure 3. Collision Timing 


RxTP+ ~ 
_ 


RxTP-----I1 


TxTP+ ---v--- 


TxTP- --I\.~VA_l_'D~X~DA_r._A~X 
X 


I-ISQEXR-I 


::~:==x cso d-------------------- 


:~~ 
Tx 
X 
Tx 
X 
Tx 
X 
Tx 
)---------- 
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TIMING 
DIAGRAMS 
(Continued) 


T,TP+ ==:>. 


T,TP- 
i 


RxTP+ ==>< 
VALID 
X 


DATA 
X 
X 
) 


RxTP- 


~tSQm~ 
::~~=x 
CSO 
>e::=:J 


Rx+ 
X 
X 
X 
X 
) 
RxTP 
RxTP 
RxTP 
RxTP 
RxTP 
Rx- 


_:~_'Cll_f 


::~~-------_ 
....( 
t_. 
X 
r----------- 


TxTP+ ---0 
VALID 
DATA 
) 


T,Tp· 
-I 
t='SQETD~ 


~ISQEOY 


OOH 


--------_, 
CSO 
)_-- 
COl- 
• 
• 


T,+ 


p:,"~'" 


X 
1- 


DATA 
T,· 


~I 
'I'" 
·1 
TxTP+ 
I 


VAlID 
I 
DATA 


TxTP- 
~ 
C 


'1SQE 


J 


COl+ 


< 


CSO 


COl- 


Figure 7. Jabber TIming 
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::~ ==========x=J( 
~>,-------------- 
LINK 
PULSE I 


RxTP+ 
~ 
--------'-----'"""::»0----------- 


RxTP- 


1__ -tUJ-_"I 


I 


-TRA-N-S-M-I~ 
-RE-CE-'V-ER 
lOOPBACK 
DISABLE 
---------------------------' 
I- 


fLTN, tLlx 
"j 


RxTP+ 
( 
> 
( 


RxTP- 


I- 


tnp 
"I 


TxTP+ 
( 
> 
( 


TxTP- 


~ 
tLTPW ~ 


Figure 8. Link Pulse Timing 
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III 


T\:TP+ 


~ 
TxTP- 


I- 


tlEOT 
"I 
XMT 


I 
I 


RxTP+ 
@ 
@ 
IUTP- 


I- 
flEDT 
"I 
RCV 
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Figure 9. lED Timing 
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SYSTEM DESCRIPTION 


Figure 10 shows a typical block diagram of an external 
10BASE-Ttransceiver interface. On one side of the 
transceiver is the AU interface and the other is the 
twisted pair. The AU interface is AC coupled when used 
in an external transceiver or can be AC or DC coupled 
when used in an internal transceiver. The AU interface 
for an external transceiver includes isolation 
transformers, some biasing resistors, anp a voltage 
converter for power. 


The twisted pair side of the transceiver requires 
external transmit and receive filters, isolation 
transformers, and terminating 
resistors. These 
components can be obtained in a single hybrid 
package from suppliers listed in figure 12. The 
transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of the SMHz component 
so that 


at the receiving end both the 5MHz and 10MHz 
components have the same amplitude. The external 
transmit filter 
smooths the edges of the signal before 
passing It onto the twisted pair. 


The receive pair side of the transceiver accepts the data 
after It passesthrough the isolation transformer and the 
receive low pass filter. Since this is an AC coupled 
input, the Bias pin is used to set the proper common 
mode voltage for the receive inputs. A pair of 500 
resistors correctly terminate the receive pair and 
provide a common mode for the Bias voltage 
connection 
POint. 


AU 
INTERFACE 


The AU interface consists of 3 pair of signals, DO, CI 
and DI as shown in Figure 10. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the twisted pair. The DI 
pair contains valid data that has been either received 
from the twisted pair or looped back from the DO and 
output through the DI pair to the DTE. The CI pair 
indicates whether a transmit based collision has 
occurred. It is an output that oscillates at 10MHz. CI 
pair is also used for Jabber and SQE Test. 


The transceiver. may be AC or DC coupled depending 
on the application. For the AC coupled interface, the 
DO input must be DC biased (shifted up in voltage) for 
the proper common mode input voltage. The BIAS pin 
serves this purpose. When DC coupled, the manchester 
encoder/decoder 
transmit output 
pair provides this 
common 
mode voltage and the Bias pin is not 
connected. 


The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. They provide a point to connect 
the common mode bias voltage, and they provide the 
proper matching termination for the AUI cable. The CI 
and DI pair, which are output drivers from the 
transceiver to the AUI cable, require 3600 pull down 
resistors when terminated with a 780 load. However on 
a DTE card, CI and DI do not need 780 terminating 
resistors. ThiS also means that the pull down resistors 
on CI and DI can be 1KO or greater depending 
upon 


the particular manchester encoder/decoder 
chip used. 


+5V 


Vcc 
=:311 


TxIN+ 
Ilq t 


TxTP+ 


TxIN-_ 
. FIlTER 


TxTP- 
390 


~II 


COL+ 


CDt- 
RxTP+ 
Ilq 


3600 
500 
t 


BIAS 
FIlTER 


RxOUT+ 
500 


~II 


RxTP- 


RxOUT- 


3600 
GND 
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The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 3ns. The rise and fall times match to within 
lns. In the idle state, the outputs go to the same 
voltage to prevent DC standing current in the isolation 
transformers. 


The transmit function consists of detecting the 
presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the transmit twisted pair (TxTP+, 
TxTP-). A positive signal on the Tx+ lead relative to the 
Tx- lead of the DO circuit will result in a positive signal 
on the TxTP+ lead of the chip with respect to the 
TxTP- lead. 


Before data will be transmitted onto the twisted pair 
from the AU interface, it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the twisted pair. This circuit 
rejects 


signals with pulse widths less than typically 20ns and 
voltage levels more positive than -175mV. Once the Tx 
squelch circuit has unsquelched, it looks for the start of 
idle signal to turn on the squelch circuit again. The 
transmitter turns on the squelch again when it receives 
an input signal at Tx+/- that is more positive than 
-175mV for more than approximately 180ns. 


ML4652, ML4658 


At the start of a packet transmission, no more than 2 
bits are received from the DO circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6j1s or less will not exceed 200ns. 


The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor and the output 
filter. The transmitter employs a center tap 2:1 
transformer where the center tap is tied to Vcc (+5V). 
While one pin of the transmit pair (TxTP+,TxTP-) is 
pulled low, the other pin floats. The output pins to the 
twisted pair wires, TxTP+ and TxTP-, can drive a 1000, 
1500 load, or a variety of impedances that are 
characteristic of the twisted pair wire. RTSETselects the 
current into the TxTP+,TxTP- pins. This current along 
with the characteristic impedance of the cable 
determines the output voltage. 


Once the characteristic impedance of the twisted pair is 
determined, one must select the appropriate RTSET 
resistor as well as match the terminating 
impedances of 
the transmit and receive filter. The RTSETresistor can 
be selected as follows: 


RTSET= (RL/l00) • 2200 


where RL is the characteristic impedance of the twisted 
pair cable. 
1.1 
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The transmitter 
incorporates 
a pre-equalization 
circuit 


for driving 
the twisted 
pair line. Pre-equalization 


compensates 
for the amplitude 
and phase distortion 


introduced 
by the twisted 
pair cable. The twisted 
pair 


line will attenuate 
the 10MHz signal more than the 
5MHz signal. Therefore 
pre-equalization 
insures that 


both the 5 and 10MHz components 
will 
be roughly 
the 
same amplitude 
at the far end receiver. 


The pre-equalization 
circuit 
reduces the current 
output 


when 
a 5MHz bit is being transmitted. 
After SOnsof a 


5MHz 
bit, the current 
level is reduced 
to approximately 
2/3 of its peak for the remaining 
SOns.Figure 11 


illustrates the pre-equalization. 


An on-chip 
one-shot 
determines 
the pulse width 
of the 
pre-equalized 
transmit signal. This requires an external 


capacitor 
connected 
to pins TxCAPO and TxCAP1. The 
proper 
value for this one-shot 
is 330pF. Pre-equalization 


can be disabled 
by shorting 
TxCAPO and TxCAP1 


together. 


The transmitter 
enters the idle state when it detects 
start of idle on Tx+ and Tx- input 
pins. The transmitter 


maintains a minimum 
differential 
output 
voltage of at 


least 450mV for 250ns after the last low to high 
transition. 
The driver differential 
output 
voltage will 


then 
be within 
50mV of OV within 
45 bit times. 


The twisted 
pair receive data is transformer 
coupled 


and low pass filtered 
before 
it is fed into the input 
pins 
RxTP+I-. The input 
is differential 
with the common 


mode voltage set by the chip's 
Bias pin. At the start of 


packet reception 
from the twisted 
pair link, no more 
than 5 bits are received from the twisted 
pair cable and 


not transmitted 
onto the 01 circuit. 
The first bit sent on 


the 01 circuit 
may contain 
phase violations 
or invalid 


data, but all subsequent 
bits are valid. 


The receive squelch will 
reject the following 
differential 


signals on the RxTP+ and RxTP- inputs: 


1. All signals that produce 
a peak magnitude 
less than 


300mV. 


2. All continuous 
sinusoidal signals of amplitude 
less 
than 6.2Vp_p and frequency 
less than 2MHz. 


3. All single sinusoidal 
cycles of amplitude 
less than 


6.2Vp_p and either 
polarity, where 
the frequency 
is 
between 
2MHz and 15MHz. For a period of 4 BT 


before and after this single cycle, the signal will 
conform 
to (1) above. 


4. All sinusoidal 
cycles gated by a 100ns pulse gate of 


amplitude 
less than 6.2Vp_p and either 
polarity, where 
the sinusoidal 
frequency 
is between 
2MHz and 


30MHz. The off time of the pulse gate on the 
sinusoidal 
signal shall be at least 400ns. 


The first three 
receive squelch 
criteria 
are required 
to 
conform 
to the 10BASE-Tstandard. The fourth 
receive 
squelch 
criteria 
exceeds the 10BASE-Trequirements 
and 
enhances the performance 
of the receiver. The fourth 
squelch 
criteria 
prevents a false unsquelch 
caused by 
cross talk or noise typically 
found 
coupling 
from the 


phone 
lines onto the receive twisted 
pair. 


When 
the receive squelch 
is on during 
idle, the input 
voltage 
must exceed approximately 
±450mV 
peak 
several times before unsquelch 
occurs. If the transmitter 
is inactive, the receiver has up to 5 bit times to 
unsquelch 
and output 
the receive data on the Rx+, Rx- 


pair. If the transmitter 
is active, the receive squelch 
extends the time it takes to determine 
whether 
to 


unsquelch. 
If the receiver 
unsquelches 
while 
the 


transmitter 
is active, a collision 
will result. Therefore 
the 


receive squelch 
uses the additional 
time to insure that 
a collision 
will not be reported 
as a result of a false 


receive squelch. 


After the receiver 
is unsquelched, 
the detection 


threshold 
is lowered 
to 275mV. Upon 
passing the 


receive squelch 
requirements 
the receive data 


propagates 
into the multiplexer 
and eventually 
passes 


to the Rx+ and Rx- outputs 
of the AU interface. The 
addition 
of jitter through 
the receive section 
is no 


more than ±1.5ns. 


While 
in the unsquelch 
state, the receive squelch 
circuit 
looks for the start of idle signal at the end of the 
packet. When 
start of idle is detected, 
receive squelch 


is turned 
on again. The proper 
start of idle occurs 


when 
the input 
signal remains above 300mV for 160ns. 
Nevertheless, 
if no transitions 
occur 
for 160ns, receive 
squelch 
is still turned 
on. 


Whenever 
the receiver and the transmitter 
are active at 


the same time the chip will activate the collision 
output. 
The collision 
output 
is a differential 
square 


wave matching 
the AUI specifications 
and capable of 


driving 
a 780 load. The frequency 
of the square wave 


is 10MHz ± 15% with a 60/40 
to 40/60 
duty cycle. The 
collision 
oscillation 
turns on no more than 9 bit times 
after the collision 
condition 
begins, and turns off no 


more than 9 bit times after the collision 
condition 
is 


removed. 
The collision 
oscillator 
also is activated 
during 
SQE Test and Jabber. 


The loopback 
function 
emulates a coax Ethernet 


transceiver 
where 
the transmit 
data sent by the oTE is 


looped 
back over the AUI receive pair. Many LAN 
controllers 
report 
the status of the carrier sense for 
each packet transmitted. 
The software can use this 


loopback 
information 
to determine 
whether 
a MAU is 
connected 
to the oTE by checking 
the status of carrier 
sense after each packet transmission. 
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When data is received by the chip while transmitting, a 
collision condition 
exits. This will cause the collision 


oscillator to turn on within 9 bit times. The data on the 
DI AUI pair (Rx+, Rx-) changes from Tx+, Tx- to RxTP+, 
RxTP-, when entering the collision state. During a 
collision, if the receive data (RxTP+,RxTP-) drops out 
before the transmit data (Tx+, Tx-), Rx+, Rx- will switch 
back to Tx+, Tx-. 


SQE TEST FUNCTION 
(SIGNAL 
QUALITY 
ERROR) 


The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter-packet gap time, the 
collision oscillator will be activated for typically 1J.1S.The 
SQE test will not be activated if the chip is in the link 
fail state, or the jabber state. 


For SQEto operate, the SQEN pin must be tied to Vcc 
or BIAS.The SQE test can be disabled by tying the 
SQEN pin to 1.2V or ground. This allows the chip to be 
interfaced to a repeater. 


JABBER FUNCTION 


The jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission lasts longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision oscillator COL+, COL-. When Tx+ and Tx- 
finally go idle, a second timer measures 0.5 seconds of 
idle on Tx+ and Tx- before re-enabling the transmitter 
and turning off the collision oscillator. If transmission 
starts up again before 0.5 seconds has expired, the 
timer is reset and measures another 0.5 seconds of idle 
time. 


Even though the transmitter is disabled during jabber, 
Link Pulses are still transmitted if the Link Test is 
enabled. 


jabber can be disabled by placing 1.2V on the 
SQEN/LTD/jABD pin. This is useful for measuring jitter 
performance on the transmitter. 


Transmission - 
Whenever data is not being delivered 


to the twisted pair link, the idle signal is applied. The 
idle signal is a sequence of Link Pulses separated by a 
16ms period of silence. The idle signal starts with a 
period of silence after a packet transmission ends. The 
link test pulse is a single high pulse with the same 
amplitude requirements as the data signal. 


ML4652, ML4658 


Reception 
- 
The transceiver monitors the receive 


twisted pair input for packet and link pulse activity. If 
neither a packet nor a link test pulse is received for 50 
to 150ms, the transceiver enters the Link Test Fail state 
and inhibits transmission and reception. Link pulses 
received with the wrong polarity will be ignored and 
cause the chip to go into link test fail. 


A DTE can determine that the transceiver is in Link Test 
Fail one of two ways: it can monitor the LTFpin if the 
transceiver is internal, or it can monitor loopback. If the 
MAU is on-board the LTFpin can be sampled to 
determine that the transceiver is in the link fail state. If 
the MAU is external the DTE can monitor carrier sense 
during transmission. A loss of carrier sense is an 
indication of Link Test Fail State, since in Link Test Fail, 
loopback is disabled. Note that jabber also disables 
loopback but with jabber the collision signal will be on. 


When a packet, or two consecutive link test pulses is 
received from the twisted pair input, the transceiver will 
exit the Link Test Fail state upon transmit and receive 
data being idle, and re-enable transmission and 
reception. 


Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, detected pulses that occur within a time 
between 2 to 7ms of a previous pulse will be 
considered as noise by the link test circuitry. 


POlARITY 
CIRCUITRY 


The ML4652 offers polarity detection, while the ML4658 
offers automatic polarity correction. The ML4652 and 
ML4658 are pin for pin compatible. The POLRD pin is 
used to report the status of the receive pair polarity. 
This pin reflects the true status of the receive polarity 
regardless of whether the part has auto polarity 
correction or not. 


Polarity Detection 
- 
ML4652 - 
The internal circuitry 


uses the start of idle signal to determine the receive 
polarity. With the correct receive polarity, the Start of 
Idle signal (the end of the frame) will remain above 
300mV for more than 160ns. If the polarity is reversed, 
the Start of Idle signal will end with a negative voltage. 


The POLRD status pin is updated only when two 
consecutive frames are received with the same Start of 
Idle polarity. In the case where the part is powered up 
with the receive polarity reversed and no frames are 
received, the part will go into link test fail without 
reflecting a reverse polarity condition. 
Without 


autopolarity correction, the part will remain in link test 
fail unless a frame is received or the correct polarity 
link pulses are received. 
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Automatic Polarity Correction - 
ML4658 - 
In the link 


OK state, receive polarity is updated when two 
consecutive frames are received with the same Start of 
Idle polarity. In the Link Test Fail state the part will use 
either the Start of Idle signal or link pulses to correct 
the receive polarity. 


In the case where the part is powered up with the 
receive polarity reversed and no frames are received, 
the part will go into Link Test Fail. After two link pulses 
are received with the same polarity, the part will exit 
Link Test Fail and correct the receive polarity. The 
POLRD pin will continue to reflect the true polarity of 
the receive pair. 


LED DRIVERS 


The ML4652, ML4658 have six LED drivers for transmit, 
receive, collision, Link Test Fail, reverse polarity, and 
jabber. The LEDsare normally off except for LTFwhich 
is normally on and active high. The LEDsare tied to 
their respective pins through a 5100 resistor to 5 Volts. 


The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEDsto be visible. When 
transmission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for 100ms. If another 
transmit, receive or collision condition 
occurs during 


the first 100ms, the LED timer will reset and begin 
timing again for 100ms. The LEDswill remain on for 
consecutive frames. The JAB, POLRD, and LTFLEDsdo 
not have pulse stretchers on them since their 
conditions occur long enough for the eye to see. 


SEMI-STANDARDOPTION 


The ML4652 and ML4658 are designed using Micro 
Linear's Bipolar Tile Array technology. They use a special 
Tile Array, the FB3651,that was designed for Data 
Communications 
applications. As a result these parts 


are customizable, and can be modified to suit a specific 
customer application. Please contact your local 
representative or Micro Linear for more information 
on 


semi-standard options. 
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ORDERING NUMBER 
PACKAGE 
PIN COUNT 
AUTO-POLARITY 


ML4652CP 
Skinny DIP (P24N) 
24 pins 
No 


ML4658CP 
Skinny DIP (P24N) 
24 pins 
Yes 


ML4652CQ 
PLCC (Q28) 
28 pins 
No 
ML4658CQ 
PLCC (Q28) 
28 pins 
Yes 
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10BASE-T Transceiver for Multi-Port 
Repeaters 


The ML4654 10BASE-TTransceiver is a single chip cable 
line driver/receiver 
that provides all of the functionality 
required to implement an internal 10BASE-TTransceiver 
for a Multi-Port 
Repeater. The ML4654 provides a TIL 


interface well suited for Multi-Port 
Repeater control 


logic. 


The ML4654 uses a minimal number of external 
components, and fully conforms to the IEEE802.3 
10BASE-Tstandard. The transmitter offers a current 
driven output that is less sensitive to power supply 
variation and noise. It offers superior p~rformance 
because of its highly symetrical switching which results 
in low RFI noise and low jitter. 


The Transceiver easily interfaces to 1000 unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic impedances by 
changing one external resistor. Jabber and Link Test 
Function are fully integrated into the chip with 
enable/disable options. An autopolarity circuit detects 
the polarity of the receive pair and automatically 
corrects it if necessary.A polarity status pin that can 
drive an LED reflects the true polarity of the receive 
pair. 


The ML4654 is available in a 20 pin skinny DIP as well 
as a surface mount 28 pin PLCC. The ML4654 is 


designed using Micro Linear's Bipolar Tile Array 
technology. It uses a special Tile Array designed for 
Data Communications 
applications. Semi-Standard 
options are available to suit a particular customer 
application. 


• Complete 
implementation 
of IEEE802.3 10BASE-T 
internal Medium 
Attachment 
Unit (MAUl 


• TIL 
interface for direct connection 
to Multi-Port 
Repeater control 
logic 


• Automatic 
polarity correction 
with a status pin to 


reflect the true receive polarity 


• Single +5 volt supply ± 10% 
• No clock or crystal required 
• Capable of driving 1000 unshielded 
twisted pair 
cable or 1500 shielded twisted pair cable 


• Fully integrated 
Link Test logic, with 
Link Test Fail 
Status pin and enable/disable 
option 


• On-chip 
Jabber logic, with enable/disable 
option 


• Available in a 20 pin skinny DIP or 28 pin PLCC 
• Semi-standard option 
using Micro 
Linear's FB3651 
LAN Transceiver Tile Array 
III 


RxTP+ 
RxTP- 


LTD 
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PIN DESCRIPTION 


PIN 
PIN 
NO. 
NAME 
FUNGION 
NO. 
NAME 
FUNGION 


JAB/DIS 
jabber Status Output/jabber 
11 
POLOIS 
Automatic Polarity Correction 
Disable. When this pin is tied to 
Disable. When grounded or left to 
ground, the Jabber function is 
float this pin will disable automatic 


disabled and the transmitter is 
polarity correction. The POLRD 


allowed to transmit indefinitely. 
status pin continues to reflect the 


This pin has an internal pullup so 
status of the receive polarity, even 
that when tied to a TIL input it 
when automatic polarity is 


will be low in the unjab state and 
disabled. When this pin is tied 


high in the jab state. When in the 
high, automatic polarity correction 
jab state, the transmitter will be 
is enabled. 
disabled. 
12 
TxTP- 
Pre-equalized differential balanced 


2 
CRS 
Carrier Sense. Indicates valid 
13 
TxTP+ 
output driver. These outputs are 


receive data from the twisted pair. 
connected to terminating resistors, 


TIL output active high. 
a transformer and a balanced 


3 
RxD 
Receive data output to the local 
transmit output filter. The output 


device. TIL levels. 
current is set with an external 
resistor connected to RTSET 
4 
LTD 
Link Test Disable. When tied high 
allowing the chip to drive 1000 
or left to float, link test is disabled. 
unshielded twisted pair, 1500 


When Link Test is disabled no link 
shielded twisted pair cables or a 


pulses are transmitted, and the 
range of other characteristic 


transmitter and receiver will not 
impedances. 


be disabled as a result of a loss of 
receive link pulses. When this pin 
14 
GND 
Ground reference. 


is grounded, link pulses will be 
15 
TxCAPl 
An external capacitor of 330pF is 


transmitting during idle, and the 
16 
TxCAPO 
tied between these two pins to 


link test receive logic is enabled. 
set the pulse width for the pre- 


S 
RRSET 
A 1% 61.9KOresistor tied from this 
equalization on the transmitter. If 


pin to Vcc is used for biasing 
these two pins are shorted 


internal nodes. 
together, no pre-equalization 
occurs. 
6 
Vcc 
+5 Volt power input. 
17 
TxEn 
When this pin is low the 


7 
Tx+ 
Differential transmit data pair 
transmitter is enabled and 
8 
Tx- 
input from the local device, with 
transmitting the data received 


TIL levels. 
from the Tx+/- input pair. TIL 


9 
RTSET 
When using 1000 unshielded 
input-active low. 


twisted pair cable, tie a 2200 
18 
LTF 
Link Test Fail. Active high. 


resistor between this pin and Vcc. 
Normally this pin is low, indicating 


When using 1500 shielded twisted 
that the link is operational. If the 


pair cable, tie a 3300 resistor 
link goes down resulting from the 
between this pin and Vcc. 
absence of link pulses and frames 
10 
POLRD 
Polarity ReversalDetection. This 
being received, the chip will go 


pin reflects the true receive 
into the Link Test Fail state and 


polarity status regardless of the 
bring LTFhigh. In the Link Test 


state of the autopolarity logic. 
Fail state, both the transmitter and 
A low indicates that RxTP+and 
receiver are disabled, however 


RxTP- are reversed. Open collector 
link pulses are still sent. This pin 
TIL output. 
is low when Link Test is disabled. 


19 
RxTP- 
Twisted Pair Receive Data Input. 


20 
RxTP+ 
When this signal exceeds the 
receive squelch requirements the 
receive data is buffered and sent 
to the RxD output pin. 
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ABSOLUTE MAXIMUM 
RATINGS 


(Note 
1) 
OPERATING CONDITIONS 
(Note 2) 


Power 
Supply 
Voltage 
Range 
VCC 
. ...•...•..... 
Input 
Voltage 
Range 
Input 
Current 
. 
Output 
Current 
TxTP+, TxTP- 
. ...........••.•... 
Storage 
Temperature 
(Tj) 
. 
. 
Lead Temperature 
(Soldering 
10 seconds) 
. 


-0.3 to 6V 


-0.3 to Vcc 
60mA 


Supply 
Voltage 
(Vcel 
......•......•.......•........ 
5V ± 10% 


LED on Current 
..... 
.•..••..••..••.... 
. . . .. 
10mA 


RRSET .. 
. . . .. . . .•. . .. . . . . . 
61.9KO ± 1% 


RTSET 
2200 
or 3300 
± 1% 


TxCAP 
.......•...........•...•...•..... 
. 
330pF 
80mA 
135°C 
300°C 
III 


ELEORICAL CHARAOERISTICS 
Unless 
otherwise 
specified 
TA = O°C to 
70°C 
(Note 
3), Vcc = SV ± 10% 


PARAMETER 
CONDITIONS 
MIN 
lYP 
MAX 
UNITS 


Power 
Supply 
Current 
Icc (Note 
4) 
Vcc 
~ 5V 
120 
mA 


TTL Inputs: 
, 


V1L 
.8 
V 


V1H (LTD, TxEN) 
2 
V 


TTL Outputs: 


VOl 
10l = 1.6mA 
.4 
V 
VOH (CRS, RxD, LTF) 
IOH = -400/lA 
2.4 
V 


LED Drivers: 


VOl (JAB/DIS, POLRD) 
RL ~ 5100 (Note 
5) 
0.8 
V 


Transmit 
Peak Output 
Current 
RTSET ~ 2200 
42 
mA 
(Note 
6) 


Differential 
Input 
Voltage 
(RxTP+, RxTP-) 
-. 
±0.300 
±3.1 
V 


Receiver 
Input 
Resistance 


- 
J 
. 
10 
KO 


Receive 
Squelch 
Voltage 
Level (RxTP+, RxTP-) 
300 
450 
585 
mVp 


Note 1: Absolute 
maximum 
ratings 
are limits 
beyond 
which 
the 
life of the 
integrated 
circuit 
may be 
impaired. 
All voltages 
unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 


Note 
2: Limits are guaranteed 
by 100% testing, 
sampling, 
or correlation 
with 
worst-case 
test conditions. 


Note 3: Low Duty cycle pulse lesting is performed at TA. 
Note 4: This does not include the current supplied into the transmit pins TxTP+ and TxTP-. 
Note 5: LED drivers can sink up to 20mA, but VOl will be higher. 


Note 
6: This current 
will 
result 
in a 2.5V 
peak output 
voltage 
on unshielded 
twisted 
pair cable 
when 
connected 
through 
an external 
filter 
and 


transformer 
as shown 
in Figure 
5. 
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K. ELECTRICAL 
CHARACTERISTICS 


SYMBOL 
1 
P._:o\_RAM 
__ ET_E_R 
~_M_I_N__ 
TYP 
MAX 
__ U_N_IT_S_ 


Transmit 


tTXEN 
Transmit 
Enable to Data Out 
c 
100 
ns 


tTXDIS 
Transmit 
Disable 
to Start Slow Decay 
SO 
ns 


tTXSDY 
Transmit 
Steady State Prop. Delay 
\ 
1S 
100 
ns 


tTXI 
Transmitter 
jitter 
±2 
ns 


tRXOCR 
Valid Receive 
Data to CRS Turn-On 
500 
ns 


tRXTCR 
Valid Receive 
Data to CRS Turn-On 
if Transmit 
is Active 
800 
ns 


tRXSDY 
Receive Steady State Prop. Delay 
15 
100 
ns 


tRXFCR 
Receive Turn-Off 
to CRS Inactive 
150 
230 
300 
ns 


tRXI 
Receiver 
Jitter 
±1.5 
ns 


tAR 
Rx Output 
Rise Time 
20% to 80% 
. 
4 
ns 


tAF 
Rx Output 
Fall Time 
20% to 80% 
4 
ns 


tlAD 
Jabber Activation 
Delay 
20 
70 
150 
ms 


tlRT 
Jabber Reset Unjab 
Time 
250 
450 
750 
ms 


t)JAB 
Delay from 
Outputs 
Disabled 
to lASlDlS 
Active 
-20 
ns 


tLLT 
Link loss Time 
50 
95 
150 
ms 


tnN 
Link Test Pulse Minimum 
Time 
2 
4.2 
7 
ms 


tLTX 
Link Test Pulse Maximum 
Time 
25 
70 
150 
ms 


tnpw 
Link Test Pulse Width 
85 
100 
130 
ns 


tTLP 
Link Pulse Repetition 
Rate 
8 
16 
24 
ms 


~mrns 


====> 
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Figure S shows a typical block diagram of the ML46S4 
in an internal 10BASE-Ttransceiver interface. On one 
side of the transceiver is the local controller 
interface 
and the other is the twisted pair. The twisted pair side 
of the transceiver requires external transmit and receive 
filters, isolation transformer, and termination 
resistors. 


The transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of the SMHz component 
so that 


at the receiving end both the SMHz and 10MHz 
components 
have the same amplitude. The external 


transmit filter smooths the edges of the transmitter's 
output 
before passing it onto the twisted pair. Figure 6 
illustrates the transmit output waveforms at different 
stages of the system. 


The receive pair side of the transceiver accepts the data 
after it passesthrough the isolation transformer and 
the receive low passfilter. Since this is an AC coupled 
input, an internal DC bias is used to set the proper 
common 
mode voltage for the receive inputs. 


The local interface consists of transmit, and receive 
signals which all use TIL levels. The transmit input 
signals entail a pair of true differential TIL transmit data 
pins, and an enable signal. 


Once the transmitter is enabled, the output on TxTP+, 
TxTP- is determined by the transmit input pair Tx+, Tx-. 
The transmit input pair is a true differential TIL input 
that determines the switching point based on both 
inputs. Driving this input single ended is also possible 
by letting Tx- float. After the last bit is transmitted, Tx+ 
should be held high and Tx- held low for two bit times 
before TxEn goes high. 


During reception the carrier sense pin (CRS)is activated 
asynchronously to receive data. Receive data is output 
through the receive data output pin (RxD). At the end 
of the packet, CRSgoes inactive two bit times after the 
last low to high transition on RxD. 


The transmit function consists of enabling the 
transmitter with TxEn and driving the data onto the 
transmit twisted pair (Tx+, Tx-). A positive signal on the 
Tx+ lead relative to the Tx- lead results in a positive 
signal on the TxTP+ lead of the chip with respect to 
the TxTP- lead. 


At the start of a packet transmission, no more than 1 
bit is received from the Tx+, Tx- circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6/ls or less will not exceed 200ns. 


The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor. The transmitter 
employs a center tap 2:1 transformer where the center 
tap is tied to Vcc (+SV).While one pin of the transmit 
pair is pulled low, the other pin floats. 


The output pins to the twisted pair wires, TxTP+ and 
TxTP-, drive a 1000 load, 1S00 load, or a variety of 
impedances that are characteristic of the twisted pair 
wire. To select the correct drive current for a 
characteristic impedance of the twisted pair wire, one 
must select the appropriate RTSETresistor. The RTSET 
resistor can be determined as follows: 


RTSET= (RL/100)• 2200 


where RLis the characteristic impedance of the twisted 
pair cable. 


The transmitter incorporates a pre-equalization circuit 
for driving the twisted pair line. Equalization of the 
transmit signal is needed to decrease the voltage of the 
SMHz component 
of the Manchester encoded signal. 


The twisted pair line will decrease the voltage of the 
10MHz signal more than the SMHz signal. Therefore 
the pre-equalization insures that both the Sand 10MHz 
components will have the same amplitude at the far 
end receiver. 


The pre-equalization circuit reduces the output current 
when a SMHz bit is being transmitted. After SOnsof a 
SMHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining SOns.Figure 6 
illustrates the pre-equalization. 


An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPOand TxCAP1. The 
proper value for this capacitor is 330pF.Pre-equalization 
can be disabled by shorting TxCAPOand TxCAP1 
together. 


The transmitter enters the idle state when it is disabled 
by TxEn. The Tx+ pin should remain high and the Tx- 
pin should remain low or float for two bit times before 
the TxEn signal goes high. When this happens, the 
transmitter maintains a minimum differential output 
voltage of at least 4S0mV for two bit times after the last 
low to high transition. The driver's differential output 
voltage will then be within 40mV of OVwithin 
80 bit 


times. In addition the current into the load will be 
limited in magnitude to 4mA within 80 bit times. 
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MULTI·PORT 
REPWER 
LOGIC 


CAPO 
CAPl 
TXTP+ 


'AB 
TXTp· 


RXTP+ 


RXTp· 


RxO 
RxO 


+5V 


CRS 
CRS 
POLOIS 
1- ------- 


LTD 


MN 
TxEN 


+5V 
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Tx+ 
• 
SINGLE 
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ARE 
T,· 
T,· 
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RRSET 
POL 


h2KO, 1% 
VCC 
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Magnetics and Filter Supplies: 
Pulse Engineering, Inc. (San Diego) 
Valor Electronics, Inc. (San Diego) 
Coikraft (Cary, Illinois) 
Fil-Mag (San Diego) 
Bel Fuse Oersey City) 
TDK (lOrrance, CA) 
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Figure 6. TransmitOutput Waveforms 


The first three receive squelch criteria are required to 
conform to the 10BASE·Tstandard. The forth receive 
squelch criteria exceeds the 10BASE·Trequirements. It 
enhances the receiver's performance without 
compromising 
on conformance to the standard. The 


additional squelch criteria prevents a false unsquelch 
from occuring due to cross talk or noise typically 
coming from the telephone system twisted pair wires. 


When the receive squelch is on, the input voltage must 
exceed ±450mV peak several times before unsquelch 
occurs. If the transmitter is inactive, the receiver has up 
to 5 bit times to unsquelch and output the receive data 
on the Rx+, Rx- pair. If the transmitter is active, the 
receive squelch extends the time it takes to determine 
whether to unsquelch. If the receiver unsquelches 
while the transmitter is active, a collision will result. 
Therefore the receive squelch uses the additional time 
to insure that a collision will not be reported as a result 
of a false receive squelch. 


After the receiver is unsquelched, the data detection 
threshold 
is lowered to 275mY. Upon passing the 


receive squelch requirements the receive data 
propagates to the Rx TIL output. This TIL output 
has 


been bolstered to reduce jitter. The addition of jitter 
through 
the receive section is no more than ±1.5ns. 


Before the twisted pair receive data is input into the 
transceiver it is transformer coupled and low pass 
filtered. The RxTP+/- input is differential with the 
common 
mode voltage set internally at approximately 
halfway between Vcc and GND. At the start of a packet 
reception from the twisted pair link, no more than 5 
bits are received from the twisted pair cable and not 
transmitted onto the Rx pin. The first bit sent to Rx may 
contain phase violations or invalid data, but all 
subsequent bits are valid. 


The receive squelch will reject the following 
differential 


signals on the RxTP+and' RxTP- inputs: 


1. All signals that produce a peak magnitude less than 


300mY. 
. 


2. All continuous 
sinusoidal signals of amplitude less 
than 6.2Vp_p and frequency less than 2MHz. 


3. All single sin'usoidal cycles of amplitude less than 


6.2Vp_p and either polarity, where the frequency is 
between 2MHz and 15MHz. For a period of 4 BT 
before and after this. single cycle, the signal will 
conform 
to (1) above. 


4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude 
less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency is between 2MHz and 
30MHz. The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 
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While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. When start of idle is detected, receive squelch 
is turned on again and the carrier sense pin goes 
inactive. The proper start of idle occurs when the input 
signal remains above 300mV for 160ns.Nevertheless if 
no transitions occur for 160ns, receive squelch is still 
turned on. In this case however, the polarity may be 
reversed. A reverse polarity condition 
will be registered 


Into the autopolarity circuit if the start of idle signal is 
negative. It will take several reverse polarity start of idle 
signals and/or reverse polarity link pulses to actually 
change the polarity on the receive circuit. (See 
Automatic 
Polarity Reversalsection for more detail) 


JABBER FUNOION 
REQUIREMENTS 


The Jabber function 
prevents a babbling transmitter 


from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and activates 
the JA~/DIS pin, signaling the controller of the jabber 
~ondltlon. When Tx+ and Tx- finally go idle, a second 
timer measures 0.5 seconds of idle on Tx+ and Tx- 
before re-enabling the transmitter and deactivating the 
JAB/DIS pin. If transmission starts up again before the 
0.5 seconds has expired, the timer is reset and 
measures another 0.5 seconds of idle time. Even though 
the transmitter ISdisabled during jabber, Link Pulses are 
stiII transm itted. 


The Jabber function can be disabled by tying the 
JAB/DIS pin to ground. This forces the ML4654 into the 
Unjab state allowing indefinite transmission. 


Transmission - 
Whenever data is not being delivered 


to the twisted pair link, the idle signal is used. The idle 
signal is a sequence of link pulses separated by 16ms of 
silence. The idle signal starts with a 16ms period of 
silence after a packet transmission ends. The link test 
pulse is a single high pulse which meets the amplitude 
requirements for a pulse of duration BT. 


Reception - 
The transceiver monitors its twisted pair 


Input for packet and link pulse activity. If neither a 
packet nor a link test pulse is received for 50 to 150ms 
the transceiver enters the Link Test Fail state and 
' 
inhibits transmission and reception. The Hub Controller 
can determine that the transceiver is in the Link Test 
Fail state by monitoring 
the LTFpin. If LTFis low, the 
link ISoperational. But if LTFgoes high, the ML4654 has 
entered the Link Test Fail state as a result of a loss of 
both Link Pulses and Receive Frames. 


ML4654 


When a packet, or two consecutive link test pulses is 
received, the transceiver will exit the link test fail state. 
Exiting the link test fail state may be deferred if either 
TxEn is high or the receive squelch is off indicating 
receive data activity. After the link test fail state is 
exited, transmission and reception are re-enabled. 


Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, a Link Test Pulse that occurs within a time 
between 2 to 7ms of a previous Link Test Pulse will be 
considered as noise by the link test circuitry. In the 
Link Test Fail state, such pulses reset the counted 
number of consecutive link test pulses to zero. 


AUTOMATIC 
POLARllY 
REVERSAL 


This circuit determines the polarity for the receive pair 
only, and deCides whether the polarity should be 
reversed: After 240ms of consistent reverse polarity 
information, the POLRD pin will change states and the 
polarity on the receive circuit will switch. The polarity 
on the receive pair RxTP+,RxTP- is determined 
using 


both Link Pulses and the Start of Idle signal at the end 
of a receive packet. When the Start of Idle signal is 
negative, it is treated as a reverse polarity indication. 
When a Link Pulse begins with a negative transition it is 
treated as a reverse polarity indication. When both Link 
Pulses and/or Start of Idle signals consistently indicate a 
reverse polarity condition for 240ms, the polarity on the 
receiver will be reversed. 


The POLRD pin will reflect the true polarity on the 
receive pair regardless of the automatic correction 
circuit. For example if the~ 
on the receive pair is 


reversed, after 240ms the POLRD pin will go low and 
the data on the RxD pin will have the correct polarity. 
ThiS condition 
will remain as long as the polarity stays 


reversed. If the reverse polarity is then corrected, after 
240ms the POLRD pin will go high and the RxD pin 
will have the correct polarity. 


The POLDIS pin will disable the automatic polarity 
correction 
but have no affect on the POLRD pin. 


Therefore when POLDIS pin is tied low and the polari!)' 
ISreversed on the receive pair, after 240ms the POLRD 
pin will go low, but the RxD will continue to pass the 
data on In the reverse polarity condition. 


If the ML4654 is powered up with the RxTP+/- polarity 
revers~d, and no data is received, it will go into link 
test fail. After 240ms of reverse polarity information, the 
auto-polarity circuit will reverse the polarity. The link 
test circuitry will then receive two correct polarity link 
pulses, and exit the link test fail state. 
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ML4654 


ORDERING 
INFORMATION 


ORDERING 
NUMBER 


ML4654CP 
ML4654CQ 
_ 


PACKAGE 


Skinny DIP 
PLCC 


PIN 
COUNT 


20 pins (P20) 
28 pins (Q28) 


O~Micro Linear 


'Micro 
Linear 
ML4661 


FOI RL Transceiver 


The ML4661 FOIRL transceiver, combined 
with the 
ML4621 or ML4622 fiber optic quantizers provides all 
of the functionality 
required 
to implement 
both an 


internal and external IEEE8023 FOIRL MAU. The 
ML4661 offers a standard IEEE8023 AU interface that 
allows it to be directly 
connected 
to industry standard 


manchester encoder/decoder 
chips or an AUI cable, 


The ML4661 provides a highly integrated solution that 
requires a minimal number 
of external components, 
and is compliant 
to the IEEE8023 FOIRL standard, The 
transmitter 
offers a current driven output that directly 
drives a fiber optic LED transmitter- Jabber, 1MHz idle 
signal, and SQE Test are fully integrated onto the chip. 


The receiver accepts an ECL level input coming from 
the ML4621 or ML4622 fiber optic quantizers. The 
1MHz idle signal is removed and the AUI output 
is 
activated when the receive squelch criteria is 
exceeded. A Link Monitor 
function 
is also provided 
for 


low light detection. 


• Combined 
with 
the ML4621 or ML4622, offers a 
complete 
implementation 
of an FOIRL Medium 


Attachment 
Unit (MAUl 


• Incorporates 
an AU interface 
for use in an external 
MAU or an internal 
MAU 
• Single +5 volt supply ± 10% 
• No crystal or clock 
required 
• On-chip 
Jabber, 1MHz idle, and SQE Test with 
enable/disable 
option 
• Five network 
status LED outputs 


• Available in a 28-pin PLCC package 
• Semi-standard 
option 
using Micro 
Linear's FB3651 


LAN Transceiver Tile Array 
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PIN # 
NAME 
FUNalON 
PIN # 
NAME 
FUNalON 


1 
CLSN 
Indicates that a collision 
is taking 
17 
Vcc 
+5 volt supply. 


place. Active 
low LED driver, open 
18 
TxOUT 
Fiber optic 
LED driver output. 


collector. 
Event is extended 
with 
internal 
timer for visibility. 
19 
NC 
No Connection. 


2 
COL+ 
Gated 10MHz oscillation 
used to 
20 
GND 
Ground 
Reference. 


3 
COL- 
indicate 
a collision, 
SQE test, or 
21 
GND 
Ground 
Reference. 


jabber. Balanced differential 
line 
22 
LMON1N 
Link Monitor 
Input from the 
driver outputs 
that meet AUI 
ML4621 or ML4622. This input 
specifications. 
must be low (active) for the 
4 
SQEN/jABD 
SQE Test Enable, Jabber Disable. 
receiver to unsquelch. 


When 
tied low, SQE test is 
23 
LBDIS 
Loopback 
Disable. When 
this pin 
disabled, when tied high SQE test 
is tied to VCG the AUI transmit 
is enabled. When 
tied to BIAS 
pair data is not looped 
back to 
both SQE test and Jabber are 
the AUI receive pair, and collision 
disabled. 
is disabled. When 
this pin is tied 


5 
GND 
Ground 
Reference. 
to GND (normal 
operation), 
the 


6 
Rx+ 
Manchester 
encoded 
receive data 
AUI transmit 
pair data is looped 


7 
Rx- 
output 
to the local device. 
back to the AUI receiver 
pair. 


Balanced differential 
line driver 
24 
LMON 
Link Monitor 
LED status output. 


outputs. 
This pin is pulled 
low when 


8 
Vcc 
+5 Volt power 
input. 
LMON1N input 
is low and there 


9 
Vcc 
are transitions 
on RxIN± 


10 
Tx+ 
Balanced differential 
line receiver 
indicating 
an idle signal or active 


data. If either 
LMONIN goes high 
11 
Tx- 
inputs that meet AUI 
or transitions 
cease on RxIN±, 
specifications. 
These inputs may 
LMON will go high. Active 
low 
be transformer, 
AC or DC 
LED driver, open collector. 
coupled. 
When 
transformer 
or AC 


coupled, 
the BIAS pin is used to 
25 
RxIN- 
Fiber Optic 
receive pair. This ECL 


set the common 
mode voltage. 
26 
RxIN+ 
level signal is received 
from the 


12 
RTSET 
Sets the current 
driven 
out of the 
ML4621 or ML4622 fiber optic 
quantizer. 
When 
this signal 
transmitter. 
exceeds the receive squelch 
13 
RRSET 
A 1% 61.9 KO resistor tied from 
requirements, 
and the LMONIN 


this pin to Vcc sets the biasing 
input 
is low, the receive data is 


currents 
for internal 
nodes. 
buffered 
and sent to the AUI 


14 
NC 
No Conrection. 
receive outputs. 


15 
XMT 
Indicates that transmission 
is 
27 
BIAS 
BIAS output 
voltage for the AUI 


taking place. Active low LED 
Tx+, Tx- inputs when 
they are AC 


driver, open collector. 
Event is 
coupled. 


extended 
with 
internal 
timer 
for 
28 
JAB 
Jabber network 
status LED. When 


visibility. 
in the Jabber state, this pin will be 


16 
RCV 
Indicates that the transceiver 
is 
low and the transmitter 
will be 


receiving 
a frame from the optical 
disabled. In the Jabber "OK" 
state 


input. Active low LED driver, open 
this pin will 
be high. Open 


collector. 
Event is extended 
with 
collector 
TIL 
output. 


internal 
timer for visibility. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


OPERATING 
CONDITIONS 


(Note 
2) 


Power 
Supply 
Voltage 
Range 
~ 
~~W 


Input 
Voltage 
Range 


Digital 
Inputs 
(SQEN, lMON1N, 
lBDIS) 
-0.3 to Vcc 
Tx+, Tx-, RxIN+, RxIN- 
-0.3 to Vcc 
Input 
Current 


RRSET,RTSET,JAB, ClSN, 
XMT, RCV, LMON 
60mA 


Output 
Current 
TxOUT 
100mA 


Storage Temperature 
--US· C to +150·C 
lead 
Temperature 
(Soldering 
10 seconds) 
260·C 


Supply 
Voltage 
(Vccl 
.........•..•......•.......... 
5V ± 10% 


lED on Current 
.............•......................... 
10mA 


RRSET .......................•.................. 
61.9KO ± 1% 


RTSET .......................•..........•........ 
1620 ± 1% 


ELEORICAL 
CHARAOERISTICS 


Unless 
otherwise 
specified, 
TA = -30·C 
to 
8S·C, 
Vcc 
= SV ± 10% (Note 
3) 


PARAMETER 
CONDITIONS 
MIN 
lYP 
MAX 
UNITS 


Power 
Supply 
Current 
Icc: 


Idle 
Vcc 
= SV, RTSET = 1620 
170 
mA 


While 
Transmitting 
(Note 
4) 
200 


lED 
Drivers: 


VOL 
Rl - 5100 (Note 
5) 
0.8 
V 


Transmit 
Peak Output 
Current 
RTSET = 1620 
57 
mA 


Transmit 
Squelch 
Voltage 
level 
(Tx+, Tx-) 
-300 
-250 
-200 
mV 


Common 
Mode 
Input 
Voltage 
(Tx±, 
RxIN±) 
2 
Vcc 
- 0.5 
V 


Receive Squelch 
Voltage 
level 
(RxIN+, RxIN-) 
±175 
mV-p 


Differential 
Output 
Voltage 
(Rx±, COl±) 
±s50 
±12oo 
mV 


Common 
Mode 
Output 
Voltage 
(Rx±, COl±) 
4.0 
V 


Differential 
Output 
Voltage 
Imbalance 
±40 
mV 


(Rx±, COl±) 


BIAS Voltage 
3.2 
V 


SQE/JABD 
SQE Test Disable 
.3 
V 


Jabber Disable 
BIAS - .15" 
BIAS + .15 
Both 
Enabled 
Vcc 
- 0.05 


lBDIS 
Threshold 
t 
Disabled 
Vcc 
-0.10 
V 
Enabled 
1 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 
I 
PARAMETER 


Transmit 


tTXNPW 
Transmit 
Turn-On 
Pulse Width 
20 
ns 


tTXFPW 
Transmit 
Turn-Off 
Pulse Width 
from 
Data to Idle 
400 
2100 
ns 


tTXlP 
Transmit 
Loopback 
Startup 
Delay 
500 
ns 


tTXODY 
Transmitter 
Turn-On 
Delay 
100 
ns 


tTXIDF 
Transmit 
Idle Frequency 
0.85 
1.25 
MHz 


tTXOC 
Transmit 
Idle Duty 
Cycle 
. 
45 
5S 
% 


tTXSDY 
Transmit 
Steady State Propagation 
Delay 
15 
50 
ns 


tTXJ 


.. 


Transmitter 
Jitter into 
310 
Load' 
~ 
±1.5 
ns-- 


tRXSFT 
Receive Squelch 
Frequency 
Threshold 
1.3 
4 
MHz 


tRXODY 
Receive Turn-On 
Delay 
,~- 
350 
ns 


tRXFX 
Last Bit Received 
to Slow Decay Output 
230 
800 
ns 


tRXSDY 
Receive Steady State Propagation 
Delay 
15 
50 
ns 


tRXJ 
Receiver Jitter 
±1.5 
ns 


tAR 
Differential 
Output 
Rise Time 
20% to 80% (Rx±, COL±) 
4 
ns 


tAF 
Differential 
Output 
Fall Time 
20% to 80% (Rx±, COL±) 
4 
ns 


tCPSQE 
Collision 
Present to SQE Assert 
0 
400 
ns 


tSQEXR 
Time 
for SQE to Deactivate 
After 
Collision 
450 
1,000 
ns 


tClF 
Collision 
Frequency 
8.5 
11.5 
MHz 


tClPOC 
Collision 
Pulse Duty 
Cycle 
40 
50 
60 
% 


tSQEDY 
SQE Test Delay (Tx Inactive 
to SQEl 
0.6 
1.6 
/.IS 


tSQETD 
SQE Test Duration 
0.5 
1.0 
1.5 
/.IS 


tlAD 
Jabber Activation 
Delay 
20 
70 
150 
ms 


tJRT 
Jabber Reset Unjab 
Time 
250 
450 
750 
ms 


tJSQE 
Delay from 
Outputs 
Disabled 
to Collision 
Oscillator 
On 
100 
ns 


tlEDTRC 
RCV, CLSN On Time 
10 
70 
ms 


tlEDTT 
XMIT On Time 
5 
30 
ms 


tllPH 
Low Light Present to LMON 
High 
3 
10 
/.IS 


tllCl 
Low Light Clear to LMON 
Low 
1 
6 
ms 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified 
are 
measured 
with 
respect 
to ground. 


limits 
are guaranteed 
by 100% 
testing, 
sampling, 
or correlation 
with 
worst-case 
test conditions. 


Low Duty Cycle pulse testing is performed at TA. 
This does not include the current from the AUI pull down resistors,or LEDstatus outputs. 
LEDdrivers can sink up to 20mA, but VOl will be higher. 


Note 2: 


Note 3: 
Note 4: 
Note 5: 
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Figure 1 shows a typical 
block diagram of the Ml4661 


in an internal 
or external 
FOIRl MAU. On one side of 


the transceiver 
is the AU interface 
and the other 
is the 


fiber optic 
interface. The AU interface 
is AC coupled 


when 
used in an external transceiver 
or can be AC or 


DC coupled 
when 
used in an internal 
transceiver. The 


AU interface for an external transceiver 
includes 


isolation 
transformers, 
some biasing resistors, and a 


voltage regulator 
for power. 


XMT 
RCV 
USN 
lAB LMON 


COL- 


T,OUT 


oJ11 


+5V 


3600 


SQEN/IAB 


3600 
! 


COl+ 
+sv 
JII 


T,- 
1620 


390 
ML4661 
RTSET 


DO 
BIAS 
LBDIS 


390' 
-: 
+5V 


61.4K!l 


T,+ 
RRSET 


"JII 


Rx- 


3600 


Rx+ 


R,- 


-: 


3600 


Rx+ 
LMON,N 


vcc 
GND 


AUl 
PWR+ 
+5V 


VOLTAGE 


REGULATOR 


AUI 
PWR- 


The fiber optic 
side of the transceiver 
requires 
an 
external fiber. optic 
transmitter, 
fiber optic 
receiver, and 


the Ml4621 
or Ml4622 
fiber optic 
quantizers. 
The 


transmitter 
uses a current 
driven 
output 
that directly 


drives the fiber optic 
transmitter. 
The receive side of 


the transceiver 
accepts the data after passing through 


the fiber optic 
receiver and the Ml4621/Ml4622 
fiber 


optic 
quantizer. 


AUI INTERFACE 


The AUI interface 
consist of 3 pair of signals, DO, CI 


and 01 as shown 
in figure 
1. The DO pair contains 
transmit 
data from the DTE which 
is received 
by the 


transceiver 
and sent out onto the fiber optic 
cable. The 


01 pair contains 
valid data that has been either 


received from the fiber optic 
cable or looped 
back 


from the DO and output 
through 
the 01 pair to the 


DTE. The CI pair indicates whether 
a collision 
has 
occurred. 
It is an output 
that oscillates at 10MHz if a 


collision 
Jabber or SQE Test has taken place, otherwise 


it remains idle. 


+5V 


~ 
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When 
the transceiver 
is external, these three 
pair are 


AC coupled 
through 
isolation 
transformers, 
while 
an 


internal 
transceiver 
may be AC or DC coupled. 
For the 


AC coupled 
interface, 
DO which 
is an input 
must be 


DC biased (shifted up in voltage) for the proper 
common 
mode input voltage. The BIAS pin serves this 


purpose. When 
DC coupled, 
transmit 
output 
pair 
coming 
from the serial interface 
provides 
this common 


mode voltage and the BIAS pin is not connected. 
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The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide 
a point 
to 
connect 
the common 
mode 
bias voltage as discussed 


above, and they provide 
the proper 
matching 
. 
termination 
for the AUI cable. The CI and 01 pair, 
which 
are output 
from the transceiver 
to the AUI cable, 
require 
3600 pull down 
resistors when terminated 
with 


a 780 load. However 
on a OTE card, CI- and 01 do not 


need 780 terminating 
resistors. This also means that the 
pull down 
resistors on CI and 01. can be 1KO or 


greater depending 
upon the particular 
manchester 


encoder/decoder 
chip used. USing higher value pull 


down 
resistors as in a OTE card will save power. 


The AUI drivers are capable of driving 
the full 50 
meters of cable length and have a rise and fall time of 
typically 
3ns. In the idle state, the outputs 
go to the 
same voltage to prevent 
DC standing 
current 
in the 
isolation 
transformers. 


TRANSMISSION 


The transmit 
function 
consists of detecting 
the 
presence of data from the AUI DO input 
(Tx+, Tx-) and 


driving 
that data onto the fiber optic 
LED transmitter. 
A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit 
will result in no current, 
hence the 
fiber optic 
LED is in a low light condition ..When 
Tx+ is 
more negative than Tx-, the ML4661 Will Sink current 
into the chip and the LED will 
light up. 


Before data will be transmitted 
onto the fiber optic 
cable from 
the AUI interface, 
it must exceed the 
squelch 
requirements 
for the DO pai.r. The Tx squelch 


circuit 
serves the function 
of preventing 
any nOise from 


being transmitted 
onto the fiber. This circuit 
rejects 


signals with 
pulse widths 
less than typically 
20ns 
(negative going), or with 
levels less than -250mV. 
Once 
Tx squelch 
circuit 
has unsquelched, 
it .Iooks forthe 
start 


of idle signal to turn on the squelch 
CIrcuit again. The 
transmitter 
turns on the squelch 
again when 
It receives 
an input 
signal at TxIN± 
that is more positive than 


-250mV 
for more than approximately 
180ns. 


At the start of a packet transmission, 
no more than 1 


bit is received 
from the DO circuit 
and not transmitted 


onto the fiber optic 
cable. The difference 
between 


start-up delays (bit loss plus steady-state propagation 
delay) for any two packets that are separated by 9.6JlS 
or less will 
not exceed 200ns. 


The output 
stage of the transmitter 
is a current 
mode 
switch which 
develops the output 
light by sinking 
current 
through 
the LED into the TxOUT pin. Once the 


current 
requirement 
for the LED is determined, 
the 


RTSETresistor is selected. The following 
equation 
is 


used to select the correct 
RTSETresistor: 


RTSET= ( 42mA) 
2200 


. 
'OUT 


The transmitter 
enters the idle state when 
it detects 
start of idle on Tx+ and Tx- input 
pins. After detecting 
the start of idle the transmitter 
switches to a 1MHz 


output 
idle signal. 


RECEPTION 


The input to the transceiver 
comes from the ECL 
outputs 
of the ML4621 or ML4622. At this point 
it is a 
clean digital 
ECL signal. At the start of packet .receptlon 


no more than 3.5 bits are received 
from the fiber cable 


and not transmitted 
onto the 01 circuit. 
The receive 
squelch will 
reject frequencies 
lower than 1.3MHz and 


input voltage 
less than ±175mV. 
The receive squel.ch 
will also reject any receive input 
If the LMONIN pin 
is high. 


While 
in the unsquelch 
state, the receive squelch 
circuit 
looks for the start of idle signal at the end of the 


packet. Start of idle occurs when the input 
signal. 
. 


remains idle for more than 160ns. When 
start of Idle IS 


detected, 
the receive squelch 
circuit 
returns to the 
squelch 
state and the start of idle signal is output 
on 


the 01 circuit 
(Rx+, Rx-). 


COLLISION 


Whenever 
the receiver and the transmitter 
are active at 


the same time the chip will activate the collision 
output. 
The collision 
output 
is a differential 
square 


wave matching 
the AUI specifications 
and capable of 


driving 
a 780 load. The frequency 
of the square wave 


is 10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision 
oscillation 
turns on no more than 4.5 bit times 


after the collision 
condition 
begins, and turns off 


between 
4.5 and 7 bit times after the collision 
condition 
is removed. 
The collision 
oscillator 
also is 
activated during 
SQE Test and Jabber. 


LOOPBACK 


The loopback 
function 
emulates an Ethernet (10BASE-5) 


transceiver 
whereby 
the transmit 
data sent by the OTE 


is looped 
back over the AUI receive pair. Some LAN 
controllers 
use this loopback 
information 
to determine 


whether 
a MAU is connected 
by monitoring 
the carrier 
sense while 
transmitting. 
The software can use this 


loopback 
information 
to determine 
whether 
a MAU is 
connected 
to the OTE by checking 
the status of carrier 
sense after each packet transmission. 


When 
data is received 
by the chip while 
transmitting, 
a 


collision 
condition 
exits. This will cause the collision 


oscillator 
to turn on within 
4.5 bit times. The data on 


the 01 pair will remain with the DO pair. u~til 
DO goes 


idle. At this point 
01 will switch to RxIN If It IS still .. 
active, or 01 will go idle if RxIN is idle. After a colliSion 
is detected, 
the collision 
oscillator 
will 
remain on until 


either 
DO or RxIN go idle. The exception 
to this is 
when 
DO starts, then RxIN starts, then DO stops, then 


RxIN stops. In this case the collision 
oscillator 
will 


remain on until 
RxIN goes idle according 
to the IEEE 


FOIRL standard. 


Loopback 
can be disabled 
by strapping 
LBOIS to Vcc. 


In this mode the chip operates as a full duplex 
transmitter 
and receiver, and collision 
detection 
is 


disabled. A loopback 
through 
the transceiver 
can be 


accomplished 
by tying the fiber transmitter 
to 


the receiver. 
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SQE TEST FUNOION 
(SIGNAL QUALITY ERROR) 


The SQE test function 
allows the DTE to determine 


whether the collision detect circuitry 
is functional. After 


each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically 1tJs. The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber on state. 


For SQE to operate, the SQEN pin must be tied to Vcc. 
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a repeater interface. 


JABBERFUNOION 
REQUIREMENTS 


The Jabber function 
prevents a babbling transmitter 


from bringing down the network. Within 
the 


transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision signal COL+, COL-. When Tx+ and Tx- 
finally go idle, a second timer measures 0.5 seconds of 
idle time before the transmitter 
is enabled and collision 


is turned off. Even though the transmitter is disabled 
during jabber, the 1MHz idle signal is still transmitted. 


LED DRIVERS 


The ML4661 has five LED drivers. The LED driver pins 
are active low, and the LEDsare normally off. The LEDs 
are tied to their respective pins through 
a soon resistor 
to 5 Volts. 


The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEDsto be visible. When 
transmission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several milli- 
seconds. If another transmit, receive or collision 
conditions 
occurs before the timer expires, the LED 


timer will reset and restart the timing. Therefore..@pid 
events will leave the LEDscontinuously 
on. The JAB 
and LMON LEDsdo not have pulse stretchers on them 
since their conditions 
occur long enough for the eye to 
see. 


LOW LIGHT CONDITION 


The LMON LED output 
is used to indicate a low light 


condition. 
LMON is activated low when both LMONIN 


is low and there are transitions on RxIN± less than 3tJS 
apart. If either one of these conditions 
do not exist, 


LMON will go high. 
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PART NUMBER 


ML4661CQ 


PIN COUNT 


28 Pins 


PACKAGE 


Molded 
PCC (Q28) 


'-Micro 
Linear 


.~ 
Micro Linear 
ML4661 EVAL 


FOI RL Evaluation Kit 


The ML4661 EVAL is an external MAU designed to 
evaluate the ML4661/ML4662 
FOIRL/1 OBASE-FL 


transceiver and the ML4621/ML4624 
fiber optic quantizer. 


The board interfaces to the AUI port through the 
transformer and to the fiber optic cable through the HP 
fiber optic transmitter and receiver. 


• 
jumper switches to enable or disable Loop Back. 


• 
jumper switches to enable or disable SQE and jabber 
functions. 


• 
Capable of adjusting the receive sensitivity. 


• 
6 staus LEDs. 


• 
Current consumption: 
260-290mA 
typically 


The ML4661 EVAL kit includes the following 
items to help 
the customer speed up their design, layout and debug 
process. 


1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 


2) COMPONENT 
KIT: Includes the key components 
as 


listed below. The rest of the components 
should be 


provided 
by the customer based on the parts Iist of the 


ML46.61 EVAL. 


• 
HFBR1414: HP fiber Optic LED transmitter. 


• 
HFBR2416: HP fiber optic pin diode receiver. 


• 
Two 28 pin sockets for the ML4661 
and the 
ML4621. 


• 
ML4661 CQ: FOIRLtransceiver. 


• 
ML4621 CQ: Fiber Optic quantizer. 


• 
PE64103: PULSE AUI coupl ing transformer. 


• 
AUI CONNECTOR: 
15 pins D SUB connector . 


3) DOCUMENTATION: 
Includes the following 
items: 


• 
Demo board description. 


• 
Block Diagram of the DEMO board. 


• 
Schematic of the demo board. ' 


• 
Layout 
of the demo board. 


• 
Parts Iist of the ML4661 EVAL. 
• 
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May 1992 
PRELIMINARY 
ML4662 


10BASE-FL Transceiver 


The ML4662 10Base-FLtransceiver combined 
with the 


ML4622 or ML4624 fiber optic quantizers provides all 
of the functionality 
required 
to implement 
both an 


internal and external IEEE802.3 10Base-FLMAU. The 
ML4662 offers a standard IEEE802.3 AU interface that 
allows it to be directly connected 
to industry standard 


manchester encoder/decoder 
chips or an AUI cable. 


The ML4662 provides- a highly integrated solution that 
requires a minimal number of external components, 
and is compliant 
to the IEEE802.3 10Base-FLstandard. 


The transmitter 
offers a current driven output that 


directly drives a fiber optic LED transmitter. Jabber, 
1MHz idle Signal, and SQE Test are fully integrated 
onto the chip. 


The receiver accepts an ECL level input coming from 
the ML4622 or ML4624 fiber optic quantizers. The 
1MHz idle signal is removed and the AUI output 
is 


activated when the receive squelch criteria is 
exceeded. A Link Monitor 
function 
is also provided for 
low light detection. 


• Combined 
with the ML4622 or ML4624, offers a 


complete 
implementation 
of a.n 10Base-FL Medium 
Attachment 
Unit (MAU) 


• Pin compatible 
with the ML4661 FOIRL Transceiver 


• Incorporates 
an AU interface 
for use in an external 
MAU or an internal 
MAU 
• Single +S volt supply ± 10% 
• No crystal or clock 
required 
• On-chip 
Jabber, 1MHz idle, and SQE Test with 


enable/disable 
option 
• Five network 
status LED outputs 


• Available in a 28-pin PCC package 
• Semi-standard 
option 
available 
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PIN DESCRIPTION 


PIN II 
NAME 
FUNOION 
PIN II 
NAME 
FUNOION 


1 
CLSN 
Indicates that a collision is taking 
19 
NCiPEAK 
Normally this pin can be left 
place. Active low LED driver, open 
floating. (tying it to GND or VCC is 
collector. Event is extended with 
OK too.) Some fiber optic lEDs 


internal timer for visibility. 
may need an additional peaking 


2 
COL+ 
Gated 10MHz oscillation used to 
circuit to speed-up the rise and 


3 
COL- 
indicate a collision, SQE test, or 
fall times. For this case, tie pin 19 


jabber. Balanced differential line 
(NC/PEAK) to pin 18 (TxOUn. 


driver outputs that meet AUI 
When using the HP HFBR 1414,let 


specifications. 
pin 19 float. Using the peaking 
circuit may deteriorate optical 


4 
SQEN/JABD 
SQE Test Enable, Jabber Disable. 
overshoot and undershoot. 


When tied low, SQE test is 
20 
GND 
Ground Reference. 
disabled, when tied high SQE test 
is enabled. When tied to BIAS 
21 
GND 
Ground Reference. 


both SQE test and Jabber are 
22 
LMON1N 
Link Monitor 
Input from the 
disabled. 
ML4622 or ML4624. This input 


5 
GND 
Ground Reference. 
must be low (active) for the 


6 
Rx+ 
Manchester encoded receive data 
receiver to unsquelch. 


7 
Rx- 
output to the local device. 
23 
LBDIS 
Loopback Disable. When this pin 
Balanced differential line driver 
is tied to VCG the AUI transmit 
outputs that meet AUI 
pair data is not looped back to 
specifications. 
the AUI receive pair, and collision 


8 
Vcc 
+5 Volt power input. 
is disabled. When this pin is tied 


9 
Vcc 
to GND (normal operation), the 
. AUf transmit pair data is looped 
10 
Tx+ 
Balanced differential 
line receiver 
back to the AUI receiver pair. 
11 
Tx- 
inputs that meet AUI 
III 
specifications. These inputs may 
24 
LMON 
Link Monitor 
LED status output. 


be transformer, AC or DC 
This pin is pulled low when 


coupled. When transformer or AC 
lMON1N input is low and there 


coupled, the BIAS pin is used to 
are transitions on RxIN± 


set the common 
mode voltage. 
indicating an idle signal or active 
data. If either LMONIN goes high 


12 
RTSET 
Sets the current driven out of the 
or transitions cease on RxIN±, 


transmitter. 
LMON will go high. Active low 


13 
RRSET 
A 1% 61.9 KO resistor tied from 
LED driver, open collector. 
this pin to Vcc sets the biasing 
25 
RxIN- 
Fiber Optic receive pair. This ECl 
currents for internal nodes. 
26 
RxIN+ 
level signal is received from the 


14 
NC 
No Connection. 
ML4622 or ML4624 fiber optic 


15 
XMT 
Indicates that transmission is 
quantizer. When this signal 


taking place. Active low LED 
exceeds the receive squelch 


driver, open collector. Event is 
requirements, and the lMON1N 


extended with internal timer for 
input is low, the receive data is 


visibility. 
buffered and sent to the AUI 


16 
RCV 
Indicates that the transceiver is 


receive outputs. 


receiving a frame from the optical 
27 
BIAS 
BIAS output voltage for the AUI 


input. Active low LED driver, open 
Tx+, Tx- inputs when they are AC 


collector. Event is extended with 
coupled. 


internal timer for visibility. 
28 
JAB 
Jabber network status LED.When 


17 
VccTx 
+5 volt supply for LED driver. 
in the Jabber state, this pin will be 
low and the transmitter will be 
18 
TxOUT 
Fiber optic LED driver output. 
disabled. In the Jabber "OK" state 
this pin will be high. Open 
collector TIL output. 
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Power 
Supply 
Voltage 
Range 
Vcc 
-0.3 to 6V 
Input 
Voltage 
Range 


Digital 
Inputs 
(SQEN, LMON1N, 
LBDIS) 
-0.3 to Vcc 
Tx+, Tx-, RxIN+, RxIN- 
-0.3 to Vcc 
Input 
Current 
RRSET,RTSET,JAB, CLSN, XMT, RCV, LMON 
60mA 


Output 
Current 
TxOUT 
70mA 
Storage Temperature 
-65· 
C to +150·C 
Lead Temperature 
(Soldering 
10 seconds) 
260·C 


Supply 
Voltage 
(Vce) 
5V ± 10% 


LED on Current 
..........•............................ 
10mA 


RRSET 
61.9KO ± 1% 


RrSET 
1620 ± 1% 


ELEORICAL 
CHARAOERISTICS 


Unless 
otherwise 
specified, 
TA = O°C to 
70°C. 
Vcc 
= SV ± 10% (Note 
3) 


PARAMETER 
. 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Power 
Supply 
Current 
Ice: 
Vcc 
~ 5'1, RTSET = 1620 
mA 
While 
Transmitting 
(Note 
4) 
200 


LED Drivers: 
VOl 
1m = 10mA (Note 
5) 
0.8 
V 


Tra~smit 
Peak Output 
Current 
(Note 
6) 
RTSET = 1620, 
47 
52 
57 
mA 


Vcc 
~ VccTx 
= 5V ± 5% 


Transmit 
Squelch 
Voltage 
Level (Tx+, Tx-) 
-300 
-250 
-200 
mV 


Common 
Mode 
Input 
Voltage 
(Tx±, 
RxIN±) 
2 
Vcc 
- 0.5 
V 


Differential 
Output 
Voltage 
(Rx±, COL±) 
±550 
, 
±1200 
mV 


Common 
Mode 
Output 
Voltage 
(Rx±, COL±) 
4.0 
V 


Differential 
Output 
Voltage 
Imbalance 
±40 
mV 


(Rx±, COL±) 


BIAS Voltage 
'f, 
3.2 
V 


SQE/JABD 
SQE Test Disable 
.3 
V 


Jabber Disable 
1.5 
Vcc 
- 2 
Both 
Enabled 
Vcc 
- 0.5 


LBDIS Threshold 
Disabled 
Vcc 
-0.10 
V 


Enabled 
1 
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AC ELEaRICAL CHARAaERISTICS 


SYMBOL 
I 
PARAMETER 


Transmit 


tlXNPW 
Transmit 
Turn-On 
Pulse Width 
20 
ns 


tlXFPW 
Transmit 
Turn-Off 
Pulse Width 
from 
Data to Idle 
, 
400 
2100 
ns 


tlXlP 
Transmit 
Loopback 
Startup 
Delay 
500 
ns 


tlXODY 
Transmitter 
Turn-On 
Delay 
100 
ns 


tlXIDF 
Transmit 
Idle Frequency 
0,85 
1.25 
MHz 


tlxDC 
Transmit 
Idle Duty 
Cycle 
45 
55 
% 


tTXSDY 
Transmit 
Steady State Propagation 
Delay 
15 
50 
ns 


tlxl 
Transmitter 
jitter 
into 
310 Load 
±1.5 
ns 


tRXSFT 
Receive Squelch 
Frequency 
Threshold 
.' 
2.51 
4.5 
MHz 


tRXODY 
Receive Turn-On 
Delay 
250 
ns 


tRXFX 
Last Bit Received 
to Slow Decay Output 
230 
300 
ns 


tRXSDY 
Receive Steady State Propagation 
Delay 
15 
50 
ns 


tRXI 
Receiver 
Jitter 
±1.5 
ns 


tAR 
Differential 
Output 
Rise Time 
20% to 80% (Rx±, COL±) 
4 
ns 


tAF 
Differential 
Output 
Fall Time 
20% to 80% (Rx±, COL±) 
4 
ns 


tCPSQE 
Collision 
Present to SQE Assert 
0 
350 
ns 


tSQEXR 
Time 
for SQE to Deactivate 
After 
Collision 
0 
700 
ns 


tClF 
Collision 
Frequency 
8.5 
11.5 
MHz 


tClPDC 
,Collision 
Pulse Duty 
Cycle 
40 
50 
60 
% 


tSQEDY 
SQE Test Delay (Tx Inactive 
to SQE) 
0.6 
1.6 
JlS 


tSQETD 
SQE Test Duration 
. 
0.5 
1.0 
1.5 
JlS 


D 


tlAD 
Jabber Activation 
Delay 
20 
70 
150 
ms 


tlRT 
Jabber Reset Unjab 
Time 
250 
450 
750 
ms 


tlSQE 
Delay from 
Outputs 
Disabled 
to Collision 
Oscillator 
On 
100 
ns 


tlED 
RCV, CLSN, XMIT On Time 
8 
16 
32 
ms 


tllPH 
Low Light Present to LMON 
High 
3 
5 
10 
JlS 


tllCl 
Low Light Clear to LMON 
Low 
250 
750 
ms 


Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
. 


Limits are guaranteed by 100%testing, sampling, or correlation with ';'orst.case test conditions. 
low Duty Cycle pulse testing is performed at TA• 
This does not include the current from the AUI pull down resistors,or LEDstatus outputs. 
LEDdrivers can sink up to 20mA, but VOl will be higher. 
Does not include prebias current for fiber optic LEDwhich would typically be 3mA. 


Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
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NOTE, 
IF TILQUT 
IS 'uSED, 
TIE GNDTIL 
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UNFILTERED 
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Figure 1 shows a schematic diagram of the ML4662 in 
an internal or external 10Base-FLMAU. On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used in an external transceiver or can be AC or 
DC coupled when used in an internal transceiver. The 
AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 
. 


The fiber optic side of the transceiver requires an 
external fiber optic transmitter, fiber optic receiver, and 
the ML4622 or ML4624 fiber optic quantizers. The 
transmitter uses a current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4622/ML4624 fiber 
optic quantizer. 


AU 
INTERFACE 


The AU) interface consist of 3 pair of signals, DO, CI 
and DI as shown in figure 1. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the fiber optic cable. The 
DI pair contains valid data that has been either 
received from the fiber optic cable or looped back 
from the DO and output through the DI pair to the 
DTE.The CI pair indicates whether a collision has 
occurred. It is an output that oscillates at 10MHz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. 
When the transceiver is external, these three pair are 
AC coupled through 
isolation transformers, while an 


internal transceiver may be AC or DC coupled. For the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltage) for the proper 
common 
mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial interface provides this common 
mode voltage and the BIAS pin is not connected. 


The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode bias voltage as discussed 
above, and they provide the proper matching 
termination 
for the AUI cable. The CI and DI pair, 
which are output from the transceiver to the AUI cable, 
require 3600 pull down resistors when terminated with 
a 780 load. However on a DTE,card, CI and DI do not 
need 780 terminating 
resistors. This also means that the 
pull down resistors on CI and DI can be 1KO or 
greater depending 
upon' the particular manchester 


encoder/decoder 
chip used. Using higher value pull 


down resistors as in a DTE card will save power. 


The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 4ns. In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 


ML4662 


The transmit function 
consists of detecting the 


presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in no current, hence the 
fiber optic LED is in a low light condition. When Tx+ is 
more negative than Tx-, the ML4662 will sink current 
into the chip and the LEDwill light up. 


Before data will be transmitted onto the fiber optic 
cable from the AUI interface, it must exceed the 
squelch requirements for the DO pair. The Tx squelch 
circuit serves the function of preventing any noise from 
being transmitted onto the fiber. This circuit rejects 
signals with pulse widths less than typically 20ns 
(negative going), or with levels less than -250mV. Once 
Tx squelch circuit has unsquelched, it looks for the' 
start of idle signal to turn on the squelch circuit again. 
The transmitter turns on the squelch again when Jt 
receives an input signal at TxIN± that is more positive 
than -250mV for more than approximately 180ns. 


At the start of a packet transmission, no more than 1 ' 
bit is received from the DO circuit and not transmitted 
onto the fiber optic cabie. The difference between 
start-up delays (bit loss plus steady-state propagation 
. 


delay) for any two packets that are separated by 9.6tJS 
or less will not exceed 200ns. 


FIBER OPTIC 
LED DRIVER 


The output stage of the transmitter is a current mode 
switch which develops the output 
light by sinking 
current through the LED into the TxOUT pin. Once the 
current requirement for the LED is determined, the 
RTSETresistor is selected. The following 
equation is 


used to select the correct RTSETresistor: 


RTSET= ( 55mA) 1620 
lOUT 


The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. After detecting 
the start of idle the transmitter switches to a 1MHz 
output idle signal. 


The output current is switched through the TxOUT pin 
during the on cycle and the Vcc Tx pin during the off 
cycle as shown in figure 2. Since the sum of the current 
in these two pins is constant, VccTx should be 
connected as close as possible to the Vcc connection 
for the LED, 


II 
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Figure 3. Converting Optical LED Driver Output to 
Differential 
ECL. 


If not driving 
an optical 
LEO directly, 
a differential 


output 
can be generated 
by tying 
resistors from VccTx 


and TxOUT to Vcc as shown 
in figure 3. The minimum 


voltage on these twd pins should 
not be less than 
' 


Vcc - 2V. 


RECEPTION 


The input 
to the transceiver 
comes from the ECL 


outputs 
of the ML4622 or ML4624. At this point 
it is a 


clean digital 
ECL signal. At the start of packet reception 


no more than 2.5 bits are received from the fiber cable 
and not transmitted 
onto the 01 circuit. 
The receive 


squelch 'will 
reject frequ~ 
lower than 2.51MHz and 


any receive input 
if the lMONIN 
pin is high. 


While 
in the unsquelch 
state, the receive squelch 


circuit 
looks for the start of idle signal at the end of tne 


packet. Start of idle occurs when the input signal 
remains idle for more than 160ns. When 
start of idle is 


detected, 
the receive squelch 
circuit 
returns to 'the 


squelch 
state and the start of idle signal is output 
on 


the 01 circuit 
(Rx+, Rx-). 


Whenever 
the receiver and the transmitter 
are active at 


the same time the chip will activate the collision 
output, 
except when loopback 
is disabled (LBOIS = Vcd. 


The collision 
output 
is a differential 
square wave 


matching 
the AU) specifications 
and capable of driving 


a 780 load. The frequency 
of the square wave is 


10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision 
oscillator 
also i's activated during 
SQE Test and 


Jabber. 


The loopback 
function 
emulates a 10Base-T transceiver 


whereby 
the transmit 
data sent by the OTE is looped 


back over the AUI receive pair,. SomEi!LAN controllers 
use this loopback 
information 
to determine 
whether 
a 
MAU is connected 
by monitoring 
the carrier sense 


while 
transmitting. 
The software can use this loopback 


information 
to determine 
whether 
a MAU is connected 


to the OTE by checking 
the status of carrier sense after 


each packet transmission. 


\ 


When 
data is received 
by the chip while 
transmitting, 
a 
collision 
condition 
exits. This will ,cause the collision 
oscillator 
to turn on and the data on the 01 pair will 


follow 
RxIN±. After a collision 
is detected, 
the collision 


oscillator 
will 
remain on until 
either 
00 
or RxIN go 


idle. 


Loopback 
can be disabled 
by strapping 
LBOIS to 


Vcc. In this mode the chip operates as a full 
duplex 
transmitter' 
and receiver, and collision 
detection 
is disabled. A loopback 
through 
the transceiver 
can be 


accomplished 
by tying the fiber transmitter 
to the 


receiver. 


SQE TEST FUNalON 
(SIGNAL QUALITY ERROR) 


The SQE test function 
allows the OTE to determine 


whether 
the collision 
detect 
circuitry 
is functional. 
After 
each transmission, 
during 
the inter packet gap time, the 


collision 
oscillator 
will 
be activated for typically 
1JlS. The 


SQE test will 
not be activated if the chip is in the low 


light state, or the jabber on state. 


For SQE to operate, the SQEN pin must be tied to Vcc. 
This allows the MAU to be interfaced 
to a OTE. The 


SQE test can be disabled 
by tying the SQEN pin to 


ground, 
for a repeater 
interface. 


JABBERFUNalON 
REQUIREMENTS 


The Jabber function 
prevents a babbling 
transmitter 


from 
bringing 
down the network. 
Within 
the 


transceiver 
is a Jabber timer that starts at the beginning 


of each transmission 
and resets at the end of each 
transmission .. If the transmission 
last longer than 20ms 


the jabber 
logic disables the transmitter, 
and turns on 


the collision 
signal COL+, COL-. When 
Tx+ and Tx- 
finall¥ go idle, a second timer 
measures 0.5 seconds of 


idle time,before 
the transmitter 
is enabled 
and collision 
is turned 
off. Even though 
the transmitter 
is disabled 


during 
jabber, the 1MHz idle signal is still transmitted. 


LED DRIVERS 


The ML4662 has five LEO drivers. The LEO driver 
pins 


are active low, and the LEOs are normally 
off. The LEOs 


are tied to their 
respective 
pins through 
a 5000 resistor 
to 5 Volts. 


The XMT, RCV and CLSN pins have pulse stretchers 
on 
them which 
enables the LEOs to be visible. When 


transmission 
or reception 
occurs, the LEO XMT, RCV or 
CLSN status pins will activate low for several milli- 
seconds. If another 
transmit, 
receive or collision 
conditions 
occurs before the timer 
expires, the LEO 


timer will reset and restart the timing. 
Therefore ...@I?id 
events will leave the LEOs continuously 
on. The JAB 


and LMON 
LEOs do not have pulse stretchers 
on them 


since their conditions 
occur 
long enough 
for the eye to 


see. ' 
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lOW 
LIGHT CONDITION 


The LMON 
LED output 
is used to indicate 
a low light 


condition. 
LMON 
is activated low when 
both LMONIN 
is low and there are transitions 
on RxIN± less than 3/is 


apart. If either 
one of these conditions 
do not exist, 


LMON will go high. 


DIFFERENCESBETWEEN 10BASE-Fl AND FOIRl 


10Base-FL is an improved 
version of the original 
FOIRL 


standard. The 10Base-FL standard allows backward 
compatibility 
of a 10Base-FL transceiver 
with a FOIRL 
transceiver. 
The main improvements 
incorporated 
into 
10Base-FL are that it can attach to a OTE by adding the 
SQE test, and the distance has been increased from 
lKm 
to 2Km. The other 
differences 
are much 
more 


subtle. 


1. SQE Test: The FOIRL standard did not include 
the 


option 
of attaching 
a fiber transceiver 
to a OTE. Adding 


the SQE test to 10Base-FL enables a 10Base-FL 
transceiver 
to attach to a OTE. Micro 
Linear's ML4661 
FOIRL transceiver 
has a SQE test, but this is beyond 


the scope of the FOIRL standard. 


2. 0 to at Least 2Km Distance: The FOIRL standard 
specifies a lKm 
distance while 
10Base-FL specifies 2Km. 


The additional 
lKm 
distance for 10Base-FL comes from 


an increased flux budget for the cable of 3.5dB. This 
3.5dB increase came from an increase of 2.5dB 
sensitivity for the receiver and a ldB 
improvement 
for 


the transmitter. 
The following 
table illustrates the 


transmit 
and receive power 
requirements 
for the two 


standards. Note: FOIRL specifies optical 
power 
in peak 


and 10Base-FL specifies it in average. Subtracting 
3dB 


from 
peak will give the average. In the table below the 


FOIRL specifications 
were converted 
from 
peak to 


average power. 


TransmitlReceive 
Average Power 


FOIRL 


3. MAU State Diagrams are Different: 
The .state diagrams 
for 10Base-FL are similar to 10Base-T, while 
the state 


diagrams for FOIRL are slightly 
different. 
The 
differences 
are in the AUI loopback, 
and in the link 
integrity 
func:;tion. 


AUI loopback 
- 
In 10Base-FL, the DO to 01 
loopback 
is always disabled 
during 
a collision, 
and 


optical 
receive data is passed through 
to 01. For 


.. FOIRL there 
are some cases where 
loopback 
continues 
(i.e. DO looped 
to 01) during 
a collision, 


and others where 
loopback 
is disabled 
during 
a 


collision. 
10Base-FL is identical 
to 10Base-T in this 


case. Please refer to the IEEEstandards for greater 
detail. 


Link Integrity - 
10Base-FL adds an additional 
state to 


the Link Integrity 
Test function 
that will 
not allow 
an 
exit f~om the Low Light State until 
both the 
transmitter 
and receiver 
are idle. In FOIRL it is 
possible to exit from the Low Light State while 
still 
receiving 
data. 


MAU Timing Differences - 
The timing 
differences 


between 
10Base-FL and FOIRL relate to propagation 
delays, start-up 
delays, and collision 
deassert delays. 


The following 
table provides 
the details of these 


parameters. 


Timing Parameter 
FOIRL 
10Base-FL 
Differences 
(bit times) 
(bit times) 


ORD.Jnput to ·input on 01 


Steady State Prop Delay 
0.5 
2 


Start-up Delay 
3.5 
5 


output on DO to OTD-Output 


Steady State Prop Delay 
0.5 
2 


Start-up Delay 
3.5 
5 


Collision Deassertto 
SQE Deassert minimum 
4.5 
a 


III 


OTD - 
Optical Transmit Data 


ORD - 
Optical Receive Data 
DI, DO, CI - 
AUI Interface Signals 
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TIMING DIAGRAMS 


->- 


Figure 5. Receive Timing 
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Figure 6. Collision Timing 
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PART NUMBER 


ML4662CQ 


PIN COUNT 


28 Pins 


PACKAGE 


Molded pec (Q28) 


'Micro 
Linear 


1.11 


.~ 
Micro Linear 
ML4662EVAL 


10BASE-FL Evaluation Kit 


The ML4662EVAL 
is an external MAU designed to 
evaluate the ML4661/ML4662 
FOIRU10BASE-FL 


transceiver and the ML4622 fiber optic quantizer. The 
board interfaces to the AUI port through the transformer 
and to the fiber optic cable through the HP fiber optic 
transmitter and receiver. 


The ML4662EVAL 
package includes the following 
items to 
help the customer speed up their design, layout and 
debug process. 


• 
Jumper switches to enable or disable Loop Back. 


• 
Jumper switches to enable or disable SQE and Jabber 
functions. 


• 
Capable of adjusting the receive sensitivity. 


• 
6 status LEDs. 


• 
Current consumption: 
260-290mA 
Typically 


The ML4661 EVAL kit includes the following 
items to help 


the customer speed up their design, layout and debug 
process. 


1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 


2) COMPONENT 
KIT: Includes the key components 
as 


listed below. The rest of the components 
should be 
provided 
by the customer based on the parts list of the 
ML4662EVAL. 


• 
HFBR1414: HP fiber Optic 
LED transmitter. 


• 
HFBR2416: HP fiber optic pin diode receiver. 


• 
One 28 pind sockets for the ML4661. 


• 
ML4662CQ: 
1OBASE-FLtransceiver. 


• 
ML4622CP: 
Fiber Optic quantizer. 


• 
PE64103: PULSEAUI coupling 
transformer. 


• 
AUI CONNECTOR: 
15 pins D SUB connector. 


3) DOCUMENTATION: 
Includes the following 
items: 


• 
Demo board description. 


• 
Block Diagram of the DEMO board. 


• 
Schematic of the demo board. 


• 
Layout 
of the demo board. 


• 
Parts list of the ML4662EVAL. 


ML4662/ 
ML4661 
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PRELIMINARY 


Single Chip 1OBASE-FL Transceiver 


The ML4663 
Single Chip 1OBASE-FLTransceiver 


integrates both a ML4662 
1OBASE-FLTransceiver with a 


ML4622 
Fiber Optic 
Data Quantizer 
to implement 
a 
highly integrated solution for 1OBASE-FLtransceivers. 
ML4663 offers a standard IEEE802.3 AU interface that 
allows it to be directly 
connected 
to industry standard 


manchester encoder/decoder 
chips or an AUI connector. 


The ML4663 
provides a highly integrated 'solution that 
requires a minimal 
number of external components, 
and is 


compliant 
to the IEEE802.3 1OBASE-FLstandard. The 
transmitter offers a current drive output that directly 
drives 
a fiber optic LED transmitter. The receiver offers a highly 
stable fiber optic data quantizer capable of accepting 
input signals as low as 2mVp_p with a S5dB dynamic 
range. 


The transmitter automatically 
inserts 1MHz signal during 


idle time and removes this signal on reception. 
Low Light 


is continuously 
monitored 
for both activity 
as well as 
power level. Five LED status indicators monitor error 
conditions 
as well as transmissions, 
receptions and 


collisions. 


• 
Single chip solution for 1OBASE-FLinternal or external 
Medium 
Attachment 
Units (MAUs) 


• 
Incorporates an AU interface 


• 
Highly stable data quantizer with SSdB input 
dynamic 
range 


• 
Input sensitivity as low as 2mVp_p 


• 
Current driven fiber optic LED driver for accurate 
launch power 


• 
Single +S volt supply 


• 
No crystal or clock required 


• 
Five network status LED outputs 


• 
Available 
in 28 pin PCC package 


• 
Semi-Standard option available 
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PIN DESCRIPTION 


PIN 
NAME 
FUNCTION 
PIN 
NAME 
FUNCTION 


CLSN 
Indicates that a collision 
is taking 
15 
XMT 
Indicates that transmission 
is taking 
place. Active low LED driver, open 
place. Active low LED driver, open 
collector. 
Event is extended with 
collector. 
Event is extended with 
internal timer for visibility. 
internal timer for visibility. 


2 
COL+ 
Gated 1OMHz oscillation 
used to 
16 
RCV 
Indicates that the transceiver 
is 
3 
COL- 
indicate a collision, 
SQE test, or 
receiving a frame from the optical 
jabber. Balanced differential 
line 
input. Active low LED driver, open 
driver outputs that meet AUI 
collector. 
Event is extended with 
specifications. 
internal timedor 
visibility. 


4 
CliMER 
A capacitor 
from this pin to Vee 
17 
Vee Tx 
+5 volt supply for fiber optic LED 
determines the Link Monitor 
driver. 


response time. 
18 
TxOUT 
Fiber optic LED driver output. 


5 
SQEN/JABD 
SQE Test Enable, Jabber Disable. 
19 
GND 
Ground 
Reference. 
When tied low, SQE test is disabled, 
when tied high SQE test is enabled. 
20 
GND 
Ground 
Reference. 


When tied to 2.0V both SQE test and 
21 
VDe 
An external capacitor 
on this pin 
Jabber are disabled. 
integrates an error signal which 


6 
Rx+ 
Manchester encoded receive data 
nulls the offset of the input 


7 
Rx- 
output to the local device. Balanced 
amplifier. 
If the DC feedback loop is 
differential 
line driver outputs that 
not being used, this pin should be 


meet AUI specifications. 
connected 
to VREF. 


8 
LBDIS 
Loopback Disable. When this pin is 
22 
VREF 
A 2.5V reference with respect to 


tied to Vee, the AUI transmit pair 
GND. 
II 
data is not looped back to the AUI 
23 
VTHADJ 
This input pin sets the link monitor 
receive pair, and collision 
is disabled. 
When this pin is tied to GND 
threshold. 


(normal operation) 
or left floating, the 
24 
AGND 
Analog Filtered Ground. 


AUI transmit pair data is looped back 
25 
VIN- 
This input pin should be 
to the AUI receiver pair, except 
during collision. 
capacitively 
coupled to the input 
source or to filtered AVec- (The 
9 
Vee 
+5 volt power input. 
input resistance is approximately 


10 
Tx+ 
Balanced differential 
line receiver 
1.3kn.) 


11 
Tx- 
inputs that meet AUI specifications. 
26 
VIN+ 
This input pin should be 


These inputs may be transformer or 
capacitively 
coupled to the input 
capacitively 
coupled. The Tx input 
source or to filtered AVec. (The 


pins are internally 
DC biased for AC 
input resistance is approximately 


coupling. 
1.3kn.) 


12 
RTSET 
Sets the current driven output of the 
27 
AVec 
Analog Filtered +5 volts. 
transmitter. 


28 
JAB 
Jabber network status LED. When in 
13 
RRSET 
A 1% 61.9kn 
resistor tied from this 
the Jabber state, this pin will 
be low 
pin to Vee sets the biasing currents 
and the transmitter will 
be disabled. 


for internal nodes. 
In the Jabber "OK" state this pin will 


14 
LMON 
Link Monitor 
"Low Light" LED status 
be high. Active low LED, open 


output. This pin is pulled low when 
collector. 


the voltage on the V1N+, VIN- inputs 
exceed the minimum 
threshold set by 
the VlHADJ pin, 
and there are 


transitions on VIN+, V1N- indicating 
an idle signal or active data. If either 
the voltage on the V1N+, VIN- inputs 
fall below the minimum 
threshold or 
transitions cease on V1N+, VIN-, 
LMON will go high. Active low LED 
driver, open collector. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


Power 
Supply 
Voltage 
Range 


Vee 


Input 
Voltage 
Range 


Digital 
Inputs 
(SQEN, 
LBDIS) 
-0.3 
to Vee 


Tx+, 
Tx-, 
VIN+, 
VIN- 
-0.3 
to Vee 


Input 
Current 


RRSET, RTSET, JAB, CLSN, 
XMT, 
RCV, 
LMON 
60mA 


Output 
Current 
TxOUT 
70mA 


Storage 
Temperature 
Range 
-6SoC 
to + 150°C 


Lead Temperature 
<soldering 
10 sec) 
260°C 


Supply 
Voltage 
(Vecl 
5V ± 5% 


LED on Current 
10mA 


RRSET 
61.9kn 
± 1% 


RTSET .............•................................................ 
162n 
± 1% 


ELECTRICAL 
CHARACTERISTICS 


Unless 
otherwise 
specified, 
TA = O°C to 70°C, 
Vee = Vee Tx = 5V ± 5% 
(Note 
2 and 
3) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Power Supply Current 
Ice 


While 
Transmitting 
Vcc = SV, RTSET = 1620 
(Note 4) 
220 
mA 


LED Drivers: 
Vce 
IOL = 1OmA (Note 5) 
0.8 
V 


Transmit 
Peak Output 
Current 
(Note 6) 
RTSET = 1620 
47 
52 
S7 
mA 


Transmit 
Squelch Voltage 
Level (Tx+, Tx-) 
-300 
-250 
-200 
mV 


Differential 
Output 
Voltage 
(RX±, COL±) 
±550 
±1200 
mV 


Common 
Mode 
Output 
Voltage 
(Rx±, COL±) 
, 
4.0 
V 


Differential 
Output 


Voltage 
Imbalance 
(Rx±, COL±) 
±40 
mV 


SQElJABD 
SQE Test Disable 
0.3 
V 


Both Disabled 
1.S 
Vcc - 2 
V 


Both Enabled 
Vcc - 0.5 
V 


LBDIS Threshold 
Disabled 
Vcc-0.1 
V 


Enabled 
1 
V 


Common 
Mode 
Voltage 
(Tx+, Tx-) 
3.5 
V 


Common 
Mode 
Voltage 
(VIN+, V1W) 
1.65 
V 


Reference Voltage 
2.35 
2.45 
2.55 
V 


VREf Output 
Source Current 
5 
mA 


Amplifier 
Gain 
100 
VN 


Input Signal Range 
, 
2 
1600 
mVp_p 


External Voltage 
at VTHADJ to Set VTH 
0.5 
2.7 
V 


Input Offset 
VDC = VREf (DC loop active) 
3 
mV 


Input Referred Noise 
50MHz 
BW 
25 
~V 


Input Resistance 
V1N+, VIN- 
0.8 
1.3 
2.0 
kO 


Input Bias Current 
of VTHADJ 
-200 
10 
+200 
~ 


Input Threshold 
Voltage 
VTHADJ= VREf (Note 7) 
5 
6 
7 
mVp_p 


Hysteresis 
20 
% 


r~Micro Linear 


tTXNPW 
Transmit 
Turn-On 
Pulse Width 
20 
ns 


tTXFPW 
Transmit 
Turn-Off 
Pulse Width 
from Data to Idle 
400 
2100 
ns 


tTXlP 
Transmit 
loopback 
Start-up 
Delay 


< 
500 
ns 


tTXODY 
Transmit 
Turn-On 
Delay 
100 
ns 


tTXIDF 
Transmit 
Idle Frequency 
\ 
0.85 
1.25 
MHz 


tTXDC 
Transmit 
Idle duty Cy<;le 
\, .. 
45 
55 
% 


tTxSDY 
Transmit 
Steady State Propagation 
Delay 
\ 
15 
50 
ns 


tTXj 
Transmit 
Jitter into 3 H2 Load 


o· 
±1.5 
ns 


tRXSFT 
Receive Squelch 
Frequency 
Threshold 
2.51 
4.5 
MHz 


tRxODY 
Receive Turn-On 
Delay 
270 
ns 


Last 8it Received to Slow Decay Output 
- 


230 
300 
tRXFX 
ns 


tRXSDY 
Receive Steady State Propagation 
Delay 
15 
50 
ns 


tRxl 
Receive Jitter 
±1.5 
ns 


tAR 
Differential 
Output 
Rise Time 20% to. 80% (Rx±, COLt) 
4 
ns 


tAF 
Differential 
Output 
Fall Time 20% to 80% (Rx±, COLt) 
4 
ns a 


tCPSQE 
Collision 
Present to SQE Assert 
0 
350 
ns 


tSQEXR 
Time for SQE to Deactivate 
After Collision 
0 
700 
ns 


tClF 
Collision 
Frequency 
8.5 
11.5 
MHz 


lclPDC 
Collision 
Pulse Duty Cycle 
40 
50 
60 
% 


tSQEDY 
SQE Test Delay (Tx Inactive 
to SQE) 
0.6 
1.6 
J.1S 


tSQETD 
SQE Test Duration 
0.5 
1.0 
1.5 
J.1S 


tjAD 
Jabber Activation 
Delay 
20 
70 
150 
ms 


tjRT 
Jabber Reset Unjab Time 
250 
450 
750 
ms 


tjSQE 
Delay from Outputs 
Disabled 
to Collision 
Oscillator 
On 
100 
ns 


tlED 
RCV, CLSN, XMT On Time 
8 
16 
32 
ms 


tllPH 
Low Light Present to LMON 
High 
. 


3 
5 
10 
.,- 
IlS 


tllCl 
Low Light Present to LMON 
Low 
250 
750 
ms 


Note 
1: 
Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 


respect to ground. 


Note 
2: 
limits 
are guaranteed 
by 100% 
testing, 
sampling, or correlation 
with 
worst·case 
test conditions. 


Note 3: 
low 
Duty Cycle pulse testing is performed al TA- 


Note 4: 
This dose not include the current from the Aur pull-down 
resistors, or LED status outputs. 


Note 
5: 
LED drivers 
can 
sink 
up to 20mA, 
but VOL will 
be higher. 


Note 
6: 
Does 
not include 
pre-bias 
current 
for fiber 
optic 
lED which 
would 
typically 
be 3mA. 


Note 7: 
Threshold for switching 
from link Fail to link Pass (low 
light). 
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Figure 1 shows a schematic diagram of the ML4663 
in an 


internal or external 1OBASE-FLMAU. On one side of the 
transceiver 
is the AU interface and the other is the fiber 


optic interface. The AU interface is AC coupled when 
used in an external transceiver or an internal transceiver. 
The AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 


The fiber optic side of the transceiver requires an external 
fiber optic transmitter and fiber optic receiver. The 
transmitter 
uses a current driven output that directly 
drives 
the fiber optic transmitter: The receive side of the 
transceiver accepts the data after passing through a fiber 
optic receiver, which 
consists of a module containing 
a 


pin diode and a transimpedance 
amplifier. 


AU INTERFACE 


The AU interface consist of 3 pair of signals, DO, CI and 
DI as shown in figure 1. The DO pair contains transmit 
data from the DTE which 
is received by the transceiver 


and sent out onto the fiber optic cable. The DI pair 
contains valid data that has been either received from the 
fiber optic cable or looped back from the DO and output 
through the DI pair to the DTE. The CI pair indicates 
whether a collision 
has occurred. 
It is an output that 


oscillates at 1OMHz if a collision, 
Jabber or SQE Test has 


taken place, otherwise 
it remains idle. 


When the transceiver 
is external, these three pairs are AC 


coupled through isolation transformers, while an inte'rnal 
transceiver may be capacitively 
coupled. Tx+, Tx- is 


internally 
DC biased (shifted up in voltage) for the proper 


common 
mode input voltage. 


The two 39Q 1% resistors (or one 78Q 1% resistor) tied to 
the Tx+ and Tx- pins will 
provide the proper termination. 


The CI and DI pair, which 
are output from the transceiver 


to the AUI cable, require 360Q pull down resistors when 
terminated 
with a 78Q load. However on a DTE card, CI 


and DI do not need 78Q terminating 
resistors. This also 


means that the pull down resistors on CI and DI can be 
1kQ or greater depending 
upon the particular 
Mancbester 


encoder/decoder 
chip used. Using higher value pull down 


resistors as in a DTE card will save power. Refer to 
Application 
Note 13 for a more detailed explanation 
of 


the AUI pull-down 
resistors. 


The AUI drivers are capable of driving the full 50 meters 
of cable length and have a rise and fall time of typically 
4ns. In the idle state, the outputs go to the same voltage to 
prevent DC standing current in the isolation transformers. 


The transmit function 
consists of detecting the presence of 


data from the AUI DO input (Tx+, Tx-) and driving that 
data onto the fiber optic LED transmitter. A positive signal 
on the Tx+ lead relative to the Tx- lead of the DO circuit· 
will 
result in no current, hence the fiber optic LED is in a 


low light condition. 
When Tx+ is more negative than Tx-, 
the ML4663 
will sink current into the chip and the fiber 


optic LED will 
light up. 


Before data will be transmitted 
onto the fiber optic cable 


from the AUI interface, it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function 
of preventing any noise from being 


transmitted 
onto the fiber. This circuit 
rejects signals with 
pulse widths less than typically 
20ns (negative going), or 
with levels less than -250mV. 
Once Tx squelch circuit 
has 


unsquelched, 
it looks for the start of idle signal to turn on 


the squelch circuit again. The transmitter turns on the 
squelch again when it receives an input signal at Tx+, Tx- 
that is more positive than -250mV 
for more than 


approximately 
180ns. 


At the start of a packet transmission, 
no more than 2 bits 


are received from the DO circuit and not transmitted 
onto 


the fiber optic cable. The difference between start-up 
delays (bit loss plus steady-state propagation 
delay) for 
any two packets that are separated by 9.6~ 
or less will 


not exceed 200ns. 


The output stage of the transmitter 
is a current mode 
switch which 
develops the output light by sinking current 


through the LED into the TxOUT pin. Once the current 
requirement 
for the LED is determined, 
the RTSETresistor 
is selected. The following 
equation 
is used to select the 


correct RTSETresistor: 


RTSET= (52mA)162Q 
lOUT 
III 


The transmitter enters the idle state when it detects start of 
idle on Tx+ and Tx- input pins. After detecting the start of 
idle the transmitter switches to a 1MHz output idle signal. 


The output current is switched through the TxOUT 
pin 


during the on cycle and the Vcc Tx pin during the off cycle 
as shown in figure 2. Since the sum of the current in these 
two pins is constant, VCCTx should be connected 
as close 


as possible to the Vcc connection 
for the LED. 


If not driving an optical 
LED directly, a differential 
output 
can be generated by tying resistors from Vcc Tx and 
TxOUT to Vcc as shown in figure 3. The minimum 
voltage on these two pins should not be less than 
Vcc - 2V. 
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RTSET = 560n 


lOUT = 15.9mA 


Figure 3. Converting 
Optical 
LED Driver 
Output 
to 
Differential 
ECl. 


RECEPTION 


The input to the transceiver comes from a fiber optic 
receiver as shown in figure 1. At the start of packet 
reception 
no more than 2.7 bits are received from the 
fiber cable and not transmitted onto the 01 circuit. The 
receive squelch will 
reject frequencies lower than 


2.51MHz. 


While 
in the unsquelch state, the receive squelch circuit 


looks for the start of idle signal at the end of the packet. 
Start of idle occurs when the input signal remains idle for 
more than 160ns. When ~tart of idle is detected, the 
receive squelch circuit 
returns to the squelch state and the 
start of idle signal is output on the 01 circuit (Rx+, Rx-). 


Whenever 
the receiver and the transmitter are active at 


the same time the chip will activate the collision 
output, 
except when loopback 
is disabled (LBO IS = Vccl. The 
collision 
output is a differential 
square wave matching the 
AUI specifications 
and capable of driving a 78Q load. The 


frequency of the square wave is 1OMHz ± 15% with a,60/ 
40 to 40/60 duty cycle. The collision 
oscillator 
also is 


activated during SQE Test and jabber. 


The loopback function 
emulates a 1OBASE-Ttransceiver 


whereby the transmit data sent by the OTE is looped back 
over the AUI receive pair. Some LAN controllers 
use this 


loopback 
information 
to determine whether a MAU is 


connected 
by monitoring 
the carrier sense while 
transmitting. 
The software can use this loopback 


information 
to determine whether a MAU is connected to 


the OTE by checking the status of carrier sense after each 
packet transmission. 


When data is received by the chip while transmitting, 
a 


collision 
condition 
exits. This will cause the collision 


oscillator 
to turn on and the data on the 01 pair will 


follow 
V1N+, V1N-. After a collision 
is detected, the 


collision 
oscillator 
will 
remain on until either 00 or 


V1N+, V1N- go idle. 


Loopback can be disabled by strapping LBOIS to VCC' 
In this mode the chip operates as.a full duplex transmitter 
and receiver, and collision 
detection 
is disabled. A 
loopback through the transceiver can be accomplished 
by 
tying the fiber transmitter to the receiver. 


The SQE test function 
allows the OTE to determine 
whether the collision 
detect circuitry 
is functional. 
After 
each transmission, during the inter packet gap time, the 
collision 
oscillator 
will be activated for typically 
1J.ls.The 
SQE test will 
not be activated if the chip is in the low light 


state, or the jabber on state. 


For SQE to operate, the SQEN pin must be tied to Vcc. 
This allows the MAU to be interfaced to a OTE. The SQE 
test can be disabled by tying the SQEN pin to ground, for 
a repeater interface. 


JABBER FUNCTION 
REQUIREMENTS 


The jabber function 
prevents a babbling transmitter from 
bringing down the network. Within 
the transceiver 
is a 


Jabber timer that starts at the beginning 
of each 
transmission and resets at the end of each transmission. 
If 


the transmission last longer than 20ms the jabber logic 
disables the transmitter, and turns on the collision 
signal 


COL+, COL-. When Tx+ and Tx- finally 
go idle, a second 


timer measures 0.5 seconds of idle time before the 
transmitter is enabled and collision 
is turned off. Even 
though the transmitter 
is disabled during jabber, the 1MHz 
idle signal is still transmitted. 


LED DRIVERS 


The ML4663 
has five LEO drivers. The LEO driver pins are 
active low, and the LEOs are normally 
off (except for 


LMON). The LEOs are tied to their respective pins through 
a 500Q resistor to 5 Volts. 


The XMT, RCV and CCSN pins have pulse stretchers on 
them which 
enables the LEOs to be visible. When 


transmission or reception occurs, the LEO XMT, RCVor 
CLSN status pins will activate low for several 
milliseconds. 
If another transmit, receive or collision 
conditions 
occurs before the timer expires, the LEO timer 
will 
reset and restart the timing. Therefore rapid events 
will 
leave the LEOs continuously 
on. The JAB and LMON 
LEOs do not have pulse stretchers on them since their 
conditions 
occur long enough for the eye to see. 


LOW LIGHT CONDITION 


The LMON 
LEO output is used to indicate a low light 
condition. 
LMON 
is activated low when both the receive 
power exceeds the Link Monitor 
threshold and there are 


transitions on VIN+, V1N- less than 3J.lsapart. If either one 
of these conditions 
do not exist, LMON will go high. 


The V1N+, V1W input signal is fed into a limiting 
amplifier 
with a gain of about 100 and input resistance of l.3kQ. 
Maximum 
sensitivity 
is achieved through the use of a OC 


restoration feedback loop and AC coupling 
the input. 


When AC coupled, 
the input OC bias voltage is set by an 


on-chip 
network at about 1.7V. These coupling 
capacitors, 


in conjunction 
with the input impedance 
of the amplifier, 


establish a high pass filter with 3dB corner frequency, fL, 
at 


1i - 
1 


L - 
21t1300C 
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Since the amplifier 
has a differential 
input, two capacitors 


of equal value are required. If the signal driving the input 
is single ended, one of the coupling 
capacitors can be tied 


to AVec as shown in figure 1. 


The internal amplifier 
has a lowpass filter built-in 
to band 


limit the input signal which 
in turn will 
improve the signal 


to noise ratio. 


Although 
the input is AC coupled, 
the offset voltage within 


the amplifier 
will 
be present at the amplifier's 
output. This 


is represented by Vas in figure 4. Inorder to reduce this 
error a DC feedback loop is incorporated. 
This negative 
feedback loop nulls the offset voltage, forcing Vas to be 
zero. Although 
the capacitor 
on VDC is non-critical, 
the 


pole it creates can effect the stabi Iity of the feedback loop. 
To avoid stability 
problems, the value of this capacitor 


should be at least 10 times larger than the input coupling 
capacitors. 


Figure 4. 


The comparator 
is a high-speed differential 
zero crossing 
detector that slices and accurately digitizes the receive 
signal. The output of the comparator 
is fed in parallel into 


both the receive squelch circuit and the loopback MUX. 


The link detect circuit 
monitors the input signal and 


determines when the input falls below a preset voltage 
level. When the input falls below a preset voltage, the 
ML4663 
goes into the Low Light state. In the Low Light 


state the transmitter 
is disabled, but continues sending the 
1MHz idle signal, the loopback 
is disabled, the receiver is 
disabled, and the LMON 
LED pin goes to high shutting off 


the LMON 
LED. To return to the Link Passstate, the 


optical 
receiver power must be 20% higher than the shut- 


off state. This built-in 
hysteresis adds stability to the Link 


Monitor 
circuit. 
Once the receiver power threshold is 


exceeded, the ML4663 waits 250ms to 750ms, then 
checks to see that Tx+. Tx- is idle and no data is being 
received before re-enabling the transmitter, receiver, 
loopback circuit, 
and lighting up the LMON 
LED. 


The VTHADJpin is used to adjust the sensitivity of the 
receiver. The ML4663 
is capable of exceeding the 
1OBASE-FLspecifications 
for sensitivity. The sensitivity 
is 
dependent on the layout of the PC board. A good low 
noise layout will exceed the 1OBASE-FLspecifications, 
while a poor layout will fail to meet the sensitivity and 
BERspec. 


The threshold generator shifts the reference voltage at 
VTHADJthrough a circuit which 
has a temperature 
coefficient 
matching that of the limiting 
amplifier. 
The 


relationship 
between the VTHADJand the VTH (the peak to 


peak input threshold) is: 


VTHADJ= 408VTH 
(2) 


In a 1OBASE-FLreceiver there must be less than 1 x 10-9 
bit errors at a receive power level of -32.5dBm 
average. 
One procedure to determine the sensitivity of a receiver is 
to start at the lowest optical power level and gradually 
increase the optiCilI power until the BER is met. In this 
case the Link Detect circuit 
must not disable the receiver 


(i.e. VTHADJshould be tied to Ground). Once the 
sensitivity of the receiver is determined, 
VTHADJcan be set 


just above the power level that meets the BER 
specification. 
This way the receiver will shut-off before the 


BER is exceeded. 


For 1OBASE-FLVTHADJcan be tied directly 
to VREF. 


However 
if greater sensitivity 
is required the circuit 
in 


figure 5 can be used to adjust the VTHADJvoltage. Even if 
VREFis tied to VTHADj, it is a good idea to layout a board 
with these two resistors available. This will allow 
potential 
future adjustments without 
board revisions. 


The response time of the Link Detect circuit 
is set by the 


CTiMERpin. Starting from the link off state the link can be 
switched on if the input exceeds the set threshold for a 
time given by: 
D 


T= CTiMERx 0.7V 
700J1A 


To switch the link from on to off, the above time will be 
doubled. A value of 0.05fJF will 
meet to 10BASE-FL 
specifications. 


DIFFERENCES BETWEEN 1OBASE-Fl AND 
FOIRl 


10BASE-FL is an improved 
version of the original 
FOIRL 


standard. The 1OBASE-FLstandard allows backward 
compatibility 
of a 1OBASE-FLtransceiver with a FOIRL 


transceiver. The main improvements 
incorporated 
into 


1OBASE-FLare that it can attach to a DTE by adding the 
SQE test, and the distance has been increased from 1Km 
to 2Km. The other differences are much more subtle. 


~~Micro 
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1. SQE Test: The FOIRL standard did not include the 
option of attaching a fiber transceiver to a OTE. Adding 
the SQE test to 1OBI\SE-FL enables a 10BASE-FL 
transceiver to attach to a OTE. Micro 
Linear's ML4661 


FOIRL transceiver has a SQE test, but this is beyond the 
scope of the FOIRL standard. 


2.0 
to at Least 2Km Distance: The FOIRL standard 


specifies a 1Km distance while 
1OBASE-FLspecifies 2Km. 


The additional 
1Km distance for 1OBASE-FLcomes from 


an increased flux budget for the cable of 3.5dB. This 
3.5dB increase came from an increase of 2.5dB sensitivity 
for the receiver and a 1dB improvement 
for the 
. 


transmitter. The following 
table illustrates the transmit and 


receive power requirements 
for the two standards. Note: 


FOIRL specifies optical 
power in peak and 10BASE-FL 


specifies it in average. Subtracting 3dB from peak will give 
the average. In the table below the FOIRL specifications 
were converted from peak to average power. 


TRANSMIT/RECEIVE 
AVERAGEPOWER 
MIN 
MAX 
CONDITIONS 


FOIRl 


Transmitter 
-12dBm 
-21dBm 


Receiver 
-12dBm 
-30dBm 
BER< 10-10 


10BASE-Fl 


Transmitter 
-12dBm 
-20dBm 


Receiver 
-12dBm 
-32.5dBm 
BER< 10-9 


3. MAU State Diagrams are Different: 
The state diagrams 
for 1OBASE-FLare similar to 1OBASE-T,while the state 
diagrams for FOIRL are slightly different. The differences 
are in the AUI loopback, 
and in the link integrity function. 


AUI Loopback - 
In 1OBASE-FL,the DO to 01 


loopback 
is always disabled during a collision, 
and 


optical 
receive data is passed through to 01. For 


FOIRL there are some cases where loopback 
continues (i.e. DO looped to 01) during a collision, 
and others where loopback 
is disabled during a 
collision. 
10BASE-FL is identical 
to 10BASE-T in this 
case. Please refer to the IEEEstandards for greater 
detail. 


Link Integrity 
- 
1OBASE-FLadds an additional 
state 


to the Link Integrity Test function 
that will 
not allow 
an exit from the Low Light State until both the 
transmitter and receiver are idle. In FOIRL it is 
possible to exit from the Low Light State while still 
receiving data. 


MAU Timing Differences 
- 
The timing differences 


between 1OBASE-FLand FOIRL relate to propagation 
delays, start-up delays, and collision 
deassert delays. 


The following 
table provides the details of these 


parameters. 


TIMING PARAMETER 
FOIRl 
10BASE-Fl 


DIFFERENCES 
(BIT TIMES) 
(BIT TIMES) 


ORD_input to input on DI 


SteadyStateProp Delay 
0.5 
2 


Start-Up Delay 
3.5 
5 


output on DO to OTD_output 


SteadyStateProp Delay 
0.5 
2 


Start-Up Delay 
3.5 
5 


Collision Deassertto 
SQEDeassertminimum 
4.5 
0 


oTo - 
Optical 
Transmit 
Data 
ORO - 
Optical 
Receive Data 
Dl, 00, 
0 - 
AUI Interface Signals 


-->- 
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X 
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CSO 


COL- 


Figure 8. Collision 
Timing 
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PART NUMBER 


ML4663CQ 


PIN COUNT 


28 Pins 


PACKAGE 


Molded PCC (Q28) 
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ML4663EVAL 


10BASE-FL Evaluation Kit 


The ML4663EVAL 
is an external MAU designed to 


evaluate the ML4663 
1OBASE-FLPMD chip. The board 
interfaces to the AUI port through the transformer and to 
the fiber optic cable through the HP fiber optic transmitter 
and receiver. 


The ML4663EVAL 
package includes the following 
items to 
help the customer speed up their design, layout and 
debug process. 


• 
jumper switches to enable or disable Loop Back. 


• 
jumper switches to enable or disable SQE and jabber 
functions. 


• 
Capable of adjusting the receive sensitivity. 


• 
6 status LEOs. 


• 
Current consumption 
260-280mA 
typically 


The ML4661 EVAL kit includes the following 
items to help 
the customer speed up their design, layout and debug 
process.' 
. 


1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 


2) COMPONENT 
KIT: Includes the key components 
as 


listed below. The rest of the components 
should be 
provided 
by the customer based on the parts list of the 
ML4663EVAL. 


• 
HFBRl 414: HP fiber Optic LED transmitter. 


• 
HFBR241 6: HP fiber optic pin diode receiver. 


• 
One 28 pin sockets for the ML4663. 


• 
ML4663CQ: 
1OBASE-FLcombo transceiver and 
quantizer. 


• 
PE65728: PULSEAUI coupling 
transformer. 


• 
AUI CONNECTOR: 
15 pins 0 SUB connector. 


3) DOCUMENTATION: 
includes the following 
items: 


• 
Demo board description. 


• 
Block Diagram of the DEMO board. 


• 
Schematic of the demo board. 


• 
Layout 
of the demo board. 


• 
Parts list of the ML4663EVAL. 
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August 1992 
PRELIMINARY 


The Ml6622 
High-Speed Data Quantizer 
is a low noise, 
wide-band, 
BiCMOS monolithic 
IC designed specifically 


for signal recovery applications 
in FDDI and SONET fiber- 


optic receiver systems. An internal DC restoration 
feedback loop nulls any offset voltage produced 
in the 
input stage. The limiting 
amplifier 
contributes 
to a high 


level of sensitivity and a minimum 
of duty cycle 


distortion. 


The output of the data path is a high-speed comparator 
with ECl outputs. An enable pin gates the comparator 
on 


or off in response to the input signal level or a system 
control 
signal. 


The link 
Detect circuit 
provides an Assert-Deassert 


function 
with a user-selectable threshold voltage. This 
circuit 
monitors the input signal and provides an ECl High 


output within 
lOOms of signal acquisition 
and an ECl low 


output within 
350ms of signal loss. The ECl discriminator 


output can be used to disable the comparator 
when the 


signal is below the user-selected threshold. 
L1NKlED 
. 


drives an lED for a visible indication 
of the link status. 


High-Speed Data Quantizer 


FEATURES 


• 
150 MHz bandwidth 


• 
low 
noise design 


• 
Adjustable 
Link Detect function 


• 
low 
power design: 35mA typical 


• 
Available 
in 16-pin DIP and 16-pin Skinny SOIC 


r------------------------, 
I 
LINK 
DETECT 
I 
I 
I 
I 
I 


.~Micro Lineai' 


NAME 


VCC 


FUNCTION 


A 2.5V reference with respect to GND. 
When tied to THIN, the link monitor 
threshold is set to a convenient 
value, 


depending 
on the responsiveness of the 
front end receive circuit. 


This input pin should be capacitively 
coupled to the input source or to Vcc. 


This input pin should be capacitively 
coupled to the input source or to Vcc- 


ECl input active low. When this input is tied 
to L1NKlED the ECl Comparator 
output is 
automatically 
enabled and disabled by the 


Link Detect circuit. 
This input can be tied to 
GND for continuous 
enable. When the ECl 
Comparator 
is disabled, ECl OUT- 
goes 


low and ECl OUT + goes high. 


This ground goes to all of the noise sensitive 
circuits in the chip; the input amplifier, 
DC 


restoration loop, part of the Comparator 
and 


part of the link detect circuit. 
In some 
system designs, it may be advantageous to 
separate GND and GNDA. 


This Vcc goes to all of the noise sensitive 
circuits as mentioned 
in GNDA. 


A capacitor 
is tied from this pin to VREF. 


This capacitor 
sets the lower frequency 


rejection and helps remove internal DC 
offset. This capacitor 
should be 10 times 


larger than the input capacitors. 
-- 


ECl OUT + 
EClOUT- 


Positive Power Supply for less noise 
sensitive nodes. +S Volts 


Positive and Negative ECl Comparator 
outputs. 1mA internal pull downs are 
incorporated 
so that external pull downs 
aren't necessary for light loads. 


Ground 0 volts. Used for less noise sensitive 
nodes. 


link 
Detect Status output. L1NKlED is an 
open collector 
active low signal. It will be 
active low when the input signal applied to 
VIN+,VIN_ exceeds the programmed 
threshold 
level at the THIN pin. Capable of 
driving a 20mA lED indicator. 


Negative ECl Link Detect output. This 
output is active low when the input signal 
exceeds the programmed 
Link Detect 


threshold. 
1mA internal pull downs are 
incorporated. 


Positive ECl Link Detect output. This output 
is active high when the input signal exceeds 
the programmed 
link 
Detect threshold. 
1mA internal pull down are incorporated. 


A capacitor 
from this pin to ground 
determines the Link Detect response time. 
To Meet FOOl specifications 
this capacitor 


should be 2,OOOpF.This capacitor can be 
removed for the fastest response time. 


Threshold Input. A voltage applied to this 
input pin sets the minimum 
amplitude 
of the 
input signal required to cause the link detect 
to activate. In most cases this can be tied to 
VREF· 


PIN CONNECTION 


ML6622 
16-Pin DIP 
ML6622 
16-Pin Narrow SOIC 
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ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


Vcc 
- GND 
-0.3 
to +7.0 


VCCA - GNDA 
.: 
-0.3 
to +7.0 
Inputs/Outputs 
GND 
-0.3 
to VCC +0.3 


Storage 
Temperature 
Range 
-6S0( 
to + lS00( 


Lead Temperature 
(Soldering 
10 sec.) 
+2600( 


ELECTRICAL CHARACTERISTICS 


Over 
recommended 
operating 
conditions 
of TA = OO( to 70°(, 
Vcc 
= SV ±S%, 
GND 
= OV, unless 
otherwise 
noted. 


SYMBOl 
PARAMETER 
CONDITIONS 
, 
MIN 
TYP 
MAX 
UNITS 
, 


Icc 
'Vcc 
Supply Current 


(No load on ECl outputs) 
< 
35 
50 
mA 


VREF 
Reference Voltage 
2.37 
2.47 
2.57 
V 


IVREF 
VREFOutput 
Current 
~l 
3 
+5 
mA 


V1N 
'Input Signal Range 
2 
1600 
mVp_p 


VTH AD) 
External Voltage 


, 


0.5 
VREF 
V 


Range 
at THIN 
to set VTH 


EN 
Input-referred 
Voltage 
Noise 
100 MHz 
BW 
25 
, 
J.!VRMS 


RIN 
Input Resistance 
VIN+, V1N- 
500 
770 
1000 
n 


ITH1N 
Input Bias Current 
of THIN 
-100 
+100 
J.!A 


VOL-VCC 
ECl Output 
Voltage-low 
Through son to Vcc-2V, 
TA = 250 C 
-1.840 
-1.730 
-1.620 
V 


VowVcc 
ECl Output 
Voltage-High 
Through son to Vcc-2V, 
TA = 250 C 
-1.045 
-0.963 
-0.880 
V 


tr 
.Data Output 
Rise Time 


, 
ns 


tf 
Data Output 
Fall Time 
0.35 


t, 
1.3 
ns 


AS_Max 
Assert Time (off to on) 
CTIME= 2000pF 
'0 
100 
J.!S 


ANS_Max 
Deassert Time (on to off) 
CTIME= 2000pF 
0 
350 
J.!s 


VTH 
Input threshold 
THIN = VREFAssert 
8 
10 
12 
mV 


Hysteresis 
1.5 
1.7 
2 
dB 


Notel: 
Absolute 
maximum 
ratings 
are limits beyond 
which 
the life of the 
integrated 
circuit 
may 
be impaired. 
All voltages unless otherwise 
specified 
are measured 
with 


respect to ground. 
Note 2: 
limits are guaranteed by 100% testing, sampling, 
or correlation 
with worst-casetestconditions. 


Note 
3: 
low 
Duty 
Cycle pulse testing 
is performed 
at TA. 
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The Ml6622 
High Speed Data Quantizer 
takes a low 
level analog signal from a pin diode and transimpedance 
amp front end and converts it into digital ECl levels for 
subsequent digital processing. The input signal, coming 
from a transimpedance 
amplifier, 
enters the chip and is 
immediately 
amplified 
by a two-stage video amplifier. At 


the output of this amplifier 
the signal takes two 


parallel paths. 


The data path passes the signal into a high speed com- 
parator and outputs raised ECl differential 
data on the 
ECl OUT ± pins. The Link Detection 
path monitors the 
magnitude of the amplified 
input signal, compares it to a 
user-settable threshold, 
and provides the result of the 


comparison 
as a raised-ECl differential 
output on the 
Link± pins. The timer following 
the threshold block is 
used to set the link 
Detect output acquire and deacquire 
time using a capacitor. 


AMPLIFIER 


The amplifier 
is a two stage video amplifier 
with a gain of 


approximately 
55VN. Maximum 
sensitivity 
is achieved 
through the use of the DC restoration feedback loop and 
AC coupling 
the input. The AC coupling 
input capacitors, 


in conjunction 
with the input impedance 
of the amplifier, 
establish a high pass filter with the lower 3dB point 
determined 
by the input resistance and the input coupling 


capacitors. 


Since the amplifier 
has a differential 
input, two AC 


capacitors of equal value are required. 
If the signal driving 
the input is single ended, the other coupling 
capacitor 


should be tied to Vcc. 


Another 
low-pass filter is created with the CAP capacitor. 


The lower 3dB point controlled 
by a capacitor tied from 


the CAP pin to VREFas shown in the application 
circuit. 


For stability CAP should be 10 times larger than the input 
coupl ing capacitors. 


1 
Ft.= 21r100C 


Although 
the input is AC coupled, 
the offset voltage 


within 
the amplifier 
will 
be present at the amplifier's 


output. The removal of the dc offset in the amp helps the 
circuit 
respond to small input voltages, and reduces duty- 


cycle distortion. 
In order to reduce this error, a negative 
feedback loop nulls the offset voltage. An external 
capacitor 
CAP is used to store the offset voltage. This 


voltage is compared to VREFand a difference current 
proportional 
to the resuIt is appl ied to the negative side of 


the input stage of the AMP thereby nulling the DC offset. 


COMPARATOR 


A high speed ECl comparator 
is used for zero crossing 


detection. 
The second stage of the comparator 
outputs 


raised ECl levels. The comparator 
has an Enable input pin 
which takes an Eel level. This Enable pin is normally 
driven by L1NKlED, which 
causes the output to be 


enabled when the link is up and disabled when the link is 
down. When ENABLE is low the comparator 
is 


operational. 
When ENABLE is high the comparator 
is 


disabled causing ECl OUT-to 
go low and ECl OUT + to 
go high. The ENABLE pin can be tied to ground to keep 
the comparator 
permanently 
enabled. 


LINK DETECT CIRCUIT 


The link 
Detection 
Circuit 
is used to accurately 
measure 


the input amplitude 
to determine whether it is large 


enough to reliably 
recover the input signal. Once the Bit 


Error Rate (BER)for the Ml6622 
receive circuit 
is 
determined, 
the link detect threshold can be set so that the 


link 
Detect Circuit will shut off before the error rate 


exceeds the link requirement. 


The link 
Detection Circuit consists of three functional 


blocks; Thresh, Timer, and link 
Out. Thresh detects the 


output of Amp and compares it to a programmable 
threshold input THIN. As long as the input amptitude 
is 


greater than the programmable 
threshold 
input, the link 
Detect output remains active. 


When the peak input drops below THIN, Thresh's output III 
changes state and Timer delays the Link Out state change 
~ 


for a programmable 
amount of time. When using the 


default CTIMEcapacitance 
of 2000pF, the deassert time is 
350fJs max and the assert time is 1OOfJsmax. These 
default values conform to the ANSI X3.166-1990 
PMD 
standard for FDDI. 


To improve stability, the link 
Detect circuit 
includes l.7dB 
of hysteresis. 


The VREFoutput can be tied directly 
to THIN to set the 


link 
Detect threshold. 
For greater sensitivities, 
VREFcan 
be divided 
down before applied to THIN. The formula for 
the threshold on the thin pin is as follows: 


Threshold (Assert) = VTHIN 
500 


Threshold (Deassert) = VTH1N 


750 
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ML6622CP 
ML6622CS 
0° to +70°C 
0° to +70°C 


16-Pin MOLDED 
DIP (P16) 


16-Pin MOLDED 
SOIC (S16N) 
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PRELIMINARY 


ML6632 


High Speed Fiber Optic LED Driver 


The Ml6632 
is a high speed fiber optic lED driver suited 


for networking 
applications 
up to 200 Mbps. The part is 
capable of driving 
up to 120 mA of current through a fiber 


optic lED from an ECl level input signal. Its efficient 
output stage provides a high current that can be 
programmed 
for accurate absolute output level which 


insures precise launch power. 


The lED driver's output stage provides a fast well matched 
rise and fall time through a unique class B output stage 
that burns supply current only when the lED is on. An 
optional 
peaking circuit 
is also available for 820 nm 


appl ications. 


The Ml6632 
high speed fiber optic lED driver is 
implemented 
in BiCMOS process and is available 
in a 
8-pin SOIC or PDIP packqge. 


• 
Data rates up to 200 Mbps 


• 
Current driven output for accurate launch power 


• 
Programmable 
output current from 20 mA to 120 mA 


• 
High Efficiency Output 
Stage 


• 
low 
EMI/RFI Noise 


• 
ECl inputs 


• 
Optional 
Peaking Circuit 


• 
Fiber Optic Token Ring 


• 
FODI 


• 
SONET OC1 and OC3 


• 
Fiber Optic 
Data Communications 
and 
Telecommunications 
III 


8-Pin sOle 
or PDJP 


lOUT 
·"o'~ 


ECLP 


ECLP 
2 
7 
lOUT 


ECLN 
ECLN 
3 
6 
RTSET 
RTSET 
GND 
4 
5 
RPK 


vcc 
IPK 


TOP VIEW 


RPK 


GND 
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PIN NO. 
NAME 
DESCRIPTION 
PIN NO. 
NAME 
DESCRIPTION 


Vcc 
Positive power supply. +S volts. 
6 
RTSET 
Output current programming 
pin. 


2 
ECLP 
Positive ECL data input controls signal 
Connect a resistor of value l!ILm 
from 
this pin to ground to set the high LED 
to the LED. 
output current. 


3 
ECLN 
Negative ECL data input. 
7 
lOUT 
Fiber optic LED drive pin. Connect the 


4 
GND 
Negative power supply. This pin 
LED between this pin and Vcc. 
should be tied to the grounded side of 
8 
IPK 
Peaking circuit output pin. Wh'en 
RTSETto improve output accuracy and 
using peaking, connect this pin to Vcc 
avoid a ground loop. 
through a resistor of value RRPK. Then 
5 
RPK 
Peaking circuit bias pin. Connect a 
connect a capacitor 
fror,n this pin to 
resistor of value l/lpEAK from this pin 
the LED cathode. When peaking is not 
to ground when using the peaking 
used, open circuit 
RPK. 
circuit. 
Leave open circuited 
when this 
pin is not used. 


Vcc 
-0.3V 
to 6V 
Input Pin Voltages 
-0.3V 
to Vcc +O.3V 


LED Output 
Current (IPK, lOUT) 
120mA 


Peak DC Output Current (IPK, lOUT) 
120mA 
Storage Temperature 
-6SoC to + 150°C 
Lead Temperature (Soldering 10 see) 
260°C 


ELECTRICAL CHARACTERISTICS 
Over the recommended 
operating conditions 
of TA= O°C to 70°C, Vcc = SV ± S%, RTSET= 16.S12± 1%, RPK = 16.S12± 
1%, unless otherwise specified. (Notes 2 and 3) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP. 
MAX 
UNITS 


Ice 
Supply Current 
lED off 
20 
mA 


lED and PeakingCurrent 
Accuracy (lOUT, IPK) 


ILEDH 
High 
57 
60 
63 
mA 
ILEDL 
low 
0.5 
0.7 
1.0 
mA 


tR 
RiseTime (lOUT, IPK) 
2 
ns 


tF 
Fall Time (lOUT, IPK) 
2 
ns 


Propagation Delay 
(IOUT,IPK) 
tpLH 
low to High 
10 
ns 
tpHL 
High to low 
10 
ns 


tpwD 
PulseWidth Distortion 
1.0 
ns 
(I0UT,IPK) 


IEel 
ECl Input Current 
20 
~A 


VDO 
Dropout Voltage between 
1.5 
V 
pin 6 and 7 


Note 1: 
Absolute 
maximum 
ratings 
are 
limits 
beyond 
which 
the life of the integrated 
circuit 
may 
be impaired. 
All 
voltages 
unless 
otherwise 
specified 
are measured 
with 


respect to ground. 


Note 
2: 
limits 
are guaranteed 
by 100% 
testing, 
sampling, 
or correlation 
with 
worst-case 
test conditions. 


Note 3: 
low 
Duty Cycle 
pulse testing is performed at T". 
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The ML6632 
accepts ECL input signals and generates a 
high speed, high accuracy output current which 
is 
independent 
of supply voltage variations. The output 


current is programmable 
from 20mA to 120mA. 


The ECL input stage is a standard NPN differential 
pair 


with a common 
mode range of between 1V and 4.SV with 


a +SV supply. With this common 
mode range it is possible 
to convert the ECL inputs into TIL. 
If the ECLN input is 


biased up to the TTL switching 
level, the ECLP pin can be 


driven by a TTL or CMOS output. Figure 1d shows a 
circuit 
implementing 
this technique. 
This circuit 
may 


degrade pulse width distertion 
and should be checked for 


acceptable performance 
in this configuration. 


Output current to the LED is set by connecting 
the 


appropriate 
resistance from RTSETto ground. The high 


level output voltage at RTSETwill 
be 1.0V. The current in 


the external resistor will 
be equal to the current through 


the LED. The output current with RTSETset to 16.SQ will 
be 


ILED(HIGH) = 1.0V!RTSET= 1.0Vj16.SQ = 60mA. 


With RTSET= 16.SQ, the low level output current is 
approximately 
O.7mA. This current prebiases the LED and 


results in faster optical 
rise times. 


The ML6632 
contain two seperate, but identical current 


driven output stages. These two stages can be paralleled 


+sv 


to double the drive current or one can be used for peaking 
while the other is used to drive the LED. See Figure 1c. 


The ML6632 
provides for peaking of the LED output 
current. Peaking is used to counteract the effects of the 
LED junction 
capacitance. 
By creating a controlled 
overshoot and undershoot 
in the output current waveform, 


charge is transferred to and from the LED capacitance 
on 
the rising and falling edges of the output, speeding up rise 
and fall times. 


To provide peaking current, a second output stage is 
biased up with a resistor from RPK to ground and another 
from IPK to VCc. When these bias resistors are set equal 
to each other, a pulse will 
be generated across the RPEAK 


resistor with a magnitude equal to the voltage on the 
RTSETpin. A coupling 
capacitor transfers the peaking 


current from the IPK pin to the LED on the rising and 
falling edges of the output current waveform. 


A typical application 
is shown in Figure 1C. When the 


resistors RRPKand RIPKare both set to 16Q, a pulse will 
be 
generated at the IPK pin of magnitude 
1.0V and 


equ ivalent resistance 16ft 


The peaking current is coupled through the 100 pF 
capacitor, CPEAK,which will transfer 100 pC of charge to 
and from the LED on each cycle of output current. The 
peaking circuit shown provides approximately 
a 70% 


overshoot current into a OQ LED impedance. 
Peaking 


currents will be slightly lower for real LED's. 
-- 


+sv 
/ 


Vcc 
IPK 


ECLP 
lOUT 


VIN 
VIN 


ECLN 
RTSET 


GND 
RPK 


8.2'1 


-=- 
-=- 


a) lOUT = 120mA 


+5V 
+5V 
/ 


+5V 
+5V 
16'1 


RIPK 


vcc 
IPK 
100pF 


ECLP 
lOUT 
TILIN 


VIN 


ECLN 
RTSET 


GND 
RPK 
16.5'1 
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ML6632 


ORDERING INFORMATION 


PART NUMBER 
TEMPERATURE RANGE 
PACKAGE 


ML6632CP 
O°C to +70°C 
8-Pin Molded 
DIP (P08) 


ML6632CS 
O°C to +70°C 
, 8-Pin SOIC (S08N) 


.~Micro Linear 
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ADVANCED 
INFORMATION 


The Ml6671 
is a complete 
monolithic 
transceiver for 125 


Mbaud MlT-3 encoded data transmission over Category 5 
Unshielded 
Twisted Pair and Shielded Twisted Pair cables. 


The adaptive equalizer 
in the Ml6671 
will accurately 
compensate for line losses of up to 100m of UTP. The part 
is internally 
trimmed 
during manufacturing 
and requires 
only an external 1% resistor for accurate equalization. 


The Ml6671 
receive section consists of an equalizing 
filter with a feedback loop for controlling 
effective line 
compensation. 
The feedback loop contains a filter and 


detection 
block for determining 
the proper control signal. 


The Ml6671 
also contains a pair of data comparators with 


precisely controlled 
slicing thresholds and an MlT3 to 


NRZI translator. An ECl lOOK 
compatible 
buffer at the 
output interfaces directly 
with existing FDDI PHY silicon 


from various manufacturers. 


The Ml6671 
transmit section accepts ECl lOOK 


compatible 
NRZI inputs and converts them to differential 


current-mode 
MLT-3 signals. Transmit amplitude 
is 


controlled 
by a single resistor. 


Several additional 
functions 
are provided by the Ml6671 


to simplify 
applications. 
A common-mode 
reference is 
provided 
to set the input DC level for the equalizer and 


the near-end transformer winding. 
This terminal 
may be 


used as an AC ground for the transformer center-tap or 
termination 
resistors. A link status circuit 
monitors 
line 


integrity and provides a proper logic level output signal to 
interface with the host system. 


The Ml6671 
is implemented 
in a 1.5fJm BiCMOS process. 
A differential 
signal path throughout 
minimizes 
the effects 
of power supply transients and noise. A variety of package 
options are available to accomodate 
surface mount and 


thru-hole 
assembly requirements. 


• 
Complies with ANSI X3T9.5 TP-PMD emerging 
standard 


• 
Transmitter converts NRZI ECl signals to MlT-3 current 
driven outputs 


• 
Transmitter can be externally 
turned off for idle 
generation 


• 
Receiver includes adaptive equalizer 
and MlT-3 to 


NRZI·decoder 
• 
Operates over 100 meters of STP or category 5 UTP 
Twisted Pair Cable 


• 
1.5fJm BiCMOS process 


• 
28 pin surface mount package 


• 
Semi-standard options available 


III 


MLT-3 
INPUT 
--- 


FROM 


TRANSFORMER 


MlT-3 
OUT 


CURRENT 
DRIVE 
TO TRANSFORMER 
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Token Ring Physical Interface 


FEATURES 


The ML6682 
Token Ring Physical Interface Circuit is 
designed for IEEE802.5 networks using shielded twisted 
pair (STP) or unshielded 
twisted pair (UTP) media. It may 
be used either as a station port front-end for a token ring 
MAC controller, 
or as a lobe or Ring In/Ring Out port in 


an active concentrator. 
It includes a receiver equalizer for 


suppression of inter-symbol 
interference jitter, a narrow 
bandwidth 
P,LLwith a constant-gain 
phase/frequency 
detector for enhanced clock tracking and low vc6 output 
phase distortion, 
internal frequency/phase 
tracking select 


logic, and a twisted pair transmit driver and receiver. The 
circuit also includes phantom wire fault detection 
and 


output drivers for use with an external phantom switching 
mechanism. 


External components 
are minimized 
by the use of 


internally-controlled 
station fault, watchdog 
timer, 
receiver pulsewidth 
squelch, on-chip 
crystal oscillator, 
and internal 4/16 Mbps switching 
logic. External pin 


connections 
select either station port or concentrator 


port operation 
and data rate (4mb/s or 16mb/s). In a 
concentrator 
application 
the ML6682 
performs the 
switching 
function 
eliminating 
the need for relays. 
Isolation can be achieved optically. 
The circuit requires 
a single +SV power supply, and is fabricated 
in 


BiCMOS technology. 


• 
Supports the complete 
interface for both a station and a 
concentrator. 


• 
Supports Active Retiming and Regeneration for each 
lobe port and Ring In/Ring Out ports for UTP/STP 
Extended distance concentrators. 


• 
Provides complete 
physical interface for a UTP/STP 
station port and full compatibility 
with TMS380C16/ 


TMS380C26. 


• 
Pin-selectable 
16 and 4Mb/s data rates 


• 
Supports fault tolerant Ring In/Ring Out Trunks 


• 
Fault isolation at each concentrator 
port available 
for 
Network 
Management. 


• 
Provides Phase-Locked Loop with constant gain phase 
detector for clock regeneration and data recovery. 


• 
Phantom voltage drive/sense for both transmit and 
receive cable pairs. 


• 
On-chip 
crystal oscillator 
can also be driven by 
external clock. 


• 
On-chip 
receiver channel equalization 
switchable 
for 


both 4 and 16 Mbps 


• 
44-Pin package 


• 
Advanced 
BiCMOS technology 


BLOCK DIAGRAM 
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lOCK 
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Disk Drive ICs 


Section 5 


Selection Guide 
. 


ML 117 
2,4, 
or 6-Channel Read/Write Circuits 
. 


ML 117R 
2,4, or 6-Channel Read/Write Circuits 
. 


ML501 
6,7, or 8-Channel Read/Write Circuits 
. 


ML501 R 
6,7, or 8- Channel Read/Write Circuits 
. 


ML502 
6, 7, or 8-Channel Read/Write Circuits 
. 


ML502R 
6,7, or 8-Channel Read/Write Circuits 
. 


ML502S 
6,7, or 8-Channel Read/Write Circuits 
. 


ML511 
4,6, 
7, or 8-Channel Read/Write Circuits 
. 


ML511 R 
4,6, 
7, or 8-Channel Read/Write Circuits 
. 


ML541 
Read Data Processor 
. 


ML4041 
Read Data Processor 
. 


ML4042 
Read Data Processor 
. 


ML4401 
Servo Demodu lator 
. 


ML4402 
Servo Driver 
. 


ML4403 
Servo Controller 
. 


ML4404 
Trajectory Generator 
. 


ML4406 
Disk Voice Coil Servo Driver 
. 


ML4407 
Disk Voice Coil Servo Driver 
. 


ML4408 
Low Voltage Voice Coil Servo Driver 
. 


ML4410 
SensorlessSpindle Motor Controller 
. 


ML4411 
SensorlessSpindle Motor Controller 
. 


ML4413 
Servo Controller 
. 


ML4415 
15-Channel Read/Write Circuit 
. 


ML4415R 
15-Channel Read/Write Circuit 
. 


ML4416 
14-Channel Read/Write Circuit with CS 
. 


ML4416R 
14-Channel Read/Write Circuit with CS 
. 


ML4417 
Zoned Bit Recording Circuit 
. 


ML4418 
Low Saturation Voice Coil Servo Driver 
. 


ML4427 
Zoned Bit Recordi ng Circuit 
. 


ML4431 
Servo Demodu lator 
. 


ML4506 
5V Disk Voice Coil Servo Driver 
. 


ML4508 
Low Saturation 5V Voice Coil Servo Driver 
. 


ML4510 
5V SensorlessSpindle Motor Controller 
. 


ML4532 
Servo Burst Area Detector with PWM 
. 


ML4533 
Servo Burst Area Detector without PWM 
. 


ML4534 
Area Detector Based Embedded Servo Demodulator 
. 


ML4535 
Area Detector Based Hybrid Servo Demodulator 
. 


5-1 


5-5 


5-5 


5-13 


5-13 


5-13 


5-13 


5-13 


5-21 


5-21 


5-29 


5-39 


5-39 


5-50 


5-56 


5-61 


5-71 


5-82 


5-82 


5-88 


5-95 


5-106 


5-61 


5-118 


5-118 


5-118 


5-118 


5-126 


5-136 


5-126 


5-143 


5-151 


5-158 


5-159 


5-168 


5-168 


5-179 


5-186 


• 


.~MicroLinear 


ML4536 


ML4568 


ML4610R 


ML4611R 


ML6005 


ML6006 


ML6007 


ML600X 


ML6010 


ML8464B 


ML8464C 


Servo Burst Area Detector without 
PWM DAC 
. 


Disk Pulse Detector + Embedded Servo Detector 
. 


5V, 2-, 4-ChanneI.Thin-Film 
ReadtWrite Circuit 
. 


5V, 2-, 4-Channel 
Thin-Film 
ReadtWrite Circuit 
. 


24 Mbps Read Channel Filter/Equalizer 
. 


36 Mbps Read Channel Filter/Equalizer 
. 


48 Mbps Read Channel Filter/Equalizer 
. 


Read Channel Filter/Equalizer 
Users Guide 
. 


Integrated Read Channel Processor 
. 


Pulse Detector 
. 


PuIse Detector 
. 


5-168 


5-197 


5-205 


5-205 


5-211 


5-221 


5-231 


5-233 


5-239 


5-247 


5-247 


G~Micro Linear 


·~Micro Linear 
Disk Drive ICs 


Disk Drive Component 


Selection Guide 


Part 
Numbers 
of 
Head 
Max Input 
Write 
Current 


Number 
Channels 
Type 
Noise (nV/YHz) 
Range (mA) 
Key Features 
Package Options 


ML117 
2,4 
or 6 
Ferrite 
2.1 
10 to 50 
Write 
Current 
Disable 
Function 
PDIP-18, 
22, 28; 


50-18, 
24; PCC-28 


ML117R 
2,4 
or 6 
Ferrite 
2.1 
10 to 50 
Internal 
Damping 
Resistors 
PDIP-18, 
22, 28; 


50-18, 
24; PCC-28 


ML501 
6or8 
Ferrite 
1.5 
10 to 50 
Enchanced 
Write 
Stability 
PDIP-28,40; 
50-32; 
PCC-28, 44 


ML501R 
6or8 
Ferrite 
1.5 
10 to 50 
ML501 
with 
Internal 
PDIP-28, 
40; 


Damping 
Resistors 
50-28, 
32; PCC-28, 44 


ML502 
6 or 8 
Thin Film 
1.5 
10 to 50 
Enchanced 
Write 
Stability 
PDIP-28, 
40; 


50-32; 
PCC-28, 44 


ML502R 
6,7 
or 8 
Thin Film 
1.5 
10 to 50 
ML502 
with 
Internal 
PDJP-28,40; 


Damping 
Resistors 
50-32; 
PCC-28, 44 


ML511 
4,6 
or 8 
Ferrite 
1.5 
10 to 40 
Improved 
Write 
Stability 
50-24; 
PCC-28, 44 


ML511R 
4,6,7 
or 8 
Ferrite 
1.5 
10 t040 
ML511 
with 
Internal 
50-24; 
PCC-28, 44 


Damping 
Resistor 


ML4415 
15 
Ferrite 
1.5 
10 to 40 
Improved 
Write 
Current 
Stability 
PCC-44 


ML4416 
14 
Ferrite 
1.5 
10 to 40 
Chip Select Input 
PCC-44 


ML4610R 
20r4 
Thin Film 
0.85 
5 to 35 
5witchable 
Damping 
Res. (700n) 
50-16,20 


M/4611R 
4 
Thin Film 
0.85 
5 to 35 
5witchable 
Damping 
Res. (700n) 
50-24 
and Write 
Current 
Adjust 
• 


Part Number 
Function 
Key Feature 
Package Option 


ML4041 
Read Data Processor 
Fast AGC Recovery, 
1ns Pulse Pairing 
PDIP-24, 
50-24, 
PCC-28 


ML4042 
ML4041 
with 
Undervoltage 
Detector 
Fast AGC Recovery, 
1ns Pulse Pairing 
PDIP-28, 
50-28, 
PCC-28 


ML4417 
Zone 
Bit Recording 
IC 
100MHz 
VCO 
50-16, 
PDIP-16 
ML4427 


ML4568 
Pulse Detector 
with 
Embedded 
Servo 
5V Only; 
1ns Pulse Pairing 
PCC-28 


ML541 
Read Data Processor 
15 MBits/sec 
Data Rate 
PD/P-24, 
CERDIP-24, 
PCC-28, 50-24 


.~Micro Linear 


'l 
MicroLinear 


Disk Drive Component 


Selection Guide (Continued) 


Part Number 
Function 
Key Feature 
Package Option 


ML6005 
24 Mbps HDD 
Filter/Equalizer 
Low Power/High 
Performance 
SSOP-20 


ML6006 
36 Mbps HDD 
Filter/Equalizer 
Low Power/High 
Performance 
SSOP-20 


ML6010 
36 Mbps Read Channel 
Combo 
Low Cost/High 
Integration 
QFP-52 
Configurable 
Array 


ML8464B 
Pulse Detector 
PP8464B 
Second Source 
PDIP-24, 
PCC-28 


ML8464C 
Pulse Detector 
1ns Pulse Pairing 
PDIP-24, 
PCC-28 


Part Number 
Function 
Key Feature 
Package Option 


ML4401 
Servo Demodulator 
ECL Output 
VCO 
PDIP-28, 
PCC-28 


ML4402 
Servo Driver, 
External Power Drive 
Low Offset (±5mV) 
PDIP-20, 
PCC-20 


ML4403 
Servo Controller 
On-Chip 
Interpolation 
Function 
PDIP-20, 
PCC-20 


ML4404 
Analog 
Trajectory 
Generator 
User-Defined 
Trajectory, 
2 DACs 
PDIP-28, 
PCC-28 


ML4406 
Servo Driver, 
Internal 
Power Drive 
Internal 
Threshold 
Reference 
PCC-20 


ML4407 
Servo Driver, 
Internal 
Power Drive 
External Threshold 
Reference 
PCC-20 


. 


ML4408 
Low Voltage 
Drop 5ervo Driver 
5V Only 
or 12V Operation 
SO-24 


ML4413 
Servo Controller 
ML4403 
with 
Ext. Amp. 
Nulling 
PDIP-24, 
PCC-28 


ML4431 
Servo Demodulator 
Enhanced 
ML4401 ; TTL Output 
PCC-32 


ML4532 
Servo Burst Area Detector 
Includes 
PWM DAC 
SSOP-20, PCC-20 


ML4533 
Servo Burst Area Detector 
No PWM DAC, Reference 
SO-16 


Levels Compatible 
to 
ML ND 
Converters 


ML4536 
Servo Burst Area Detector 
No PWM DAC, Reference 
SO-16 


Levels Compatible 
to 
Zilog 
~C with ADC 


ML4534 
SUM/DIFF 
Area Detector 
For Hybrid 
Servo 
PCC-20 


ML4535 
Hybrid 
Servo Demodulator 
Integration/Area 
Detection 
PCC-32 


Part Number 
Function 
Key Feature 
Package Option 


ML4410 
Sensorless Spindle 
Motor 
Control 
Back-EMF-Commutation 
PCC-28 


.~Micro Linear 


A\.l Micro Linear 
Disk Drive ICs 


Hard Disk Drive Data Path 
and Servo Control Diagram 


• 


Micro 
Linear provides a full set of Winchester 
Hard Disk Drive support chips including 
the data path and the head servo 
positioning 
path. Micro 
Linear supports both dedicated and embedded servo disk drives with read-write 
preamps, pulse 
detectors, data separators, servo demodulators, 
controllers 
and drivers, and 8- and 10-bit 


data converters for digital servo systems 


G~Micro Linear 


GL.Micro Linear 
~ 


_ 


., 


•• 
. 
, . 


t 


~ 


~ 


Disk Drive ICs 


Next Generation 


Disk Drive System 


~ 
ML6010 
. 


READ CHANNEL 
.- 


COMBO 
. 


> 
EJ 


w 
t 
0 


LL 
c( 


:::: 
>ffi 
DISK 
I- 


CONTROLLER 
en 
I- 
0 
3!: 
:I: 
NRZ 
..J 


A,B,C,D 
c( 
iX 
ADC 
wen 
ML6030 


VCM 
CONTROLLER 
WITH 
•• 


"POWER 
DAC" 


ML6035 


SPINDLE 
CONTROLLER 


IJC 
+ 


DSP 


-5--4---------ti~·••.. 
;;-L.:M:i;:c:ro:-;L~i:n:e;a;r---------- 


'Micro 
Linear 
ML117, ML117R 


2, 4, or 6-Channel 
Read/Write Circuits 


The MLl17 devices are bipolar monolithic integrated circuits 
designed for use with center-tapped ferrite recording heads. 
They provide a low noise read path, write current control, 
and data protection circuitry for as many as six channels. The 
MU17 requires +SV and +12V power supplies and is availa- 
ble in 2, 4, or 6-channel versions with a variety of packages. 
The MU17 contains exclusive circuitry that inhibits write 
current during device power-up, thereby eliminating power- 
up "glitches" common to similar read/write circuits. 
The ML 117Rdiffers from the MU17 by having internal 
damping resistors. 


• Exclusive write current disable during 
power-up 


• Replacement 
for 551 32Rl17/117R 
• +Sv, 
+12V power supplies 


• Single or multi-platter 
Winchester 
drives 


• Designed for center-tapped 
ferrite heads 


• Programmable 
write current source 


• Available 
in 2, 4, or 6 channels 
• Easily multiplexed 
for larger systems 


• Includes write unsafe detection 
• TIL compatible 
control 
signals 


vcc 
VOD1 
GND 
wus 
• 
r J 


HOX 


R/W 
HOY 


MODE 
SElEQ 
H1X 
cs 
~ 
HlY 
~ 
RDX 
~ 
H2X 


RDY 
6 
H2Y 
:;)~ 
w... 
H3X 


"':: 
H3Y 
0 


WDI 
~ 
H4X 
'" 


H4Y 


HSX 


HSO 
H5Y 
HSl 
HS2 


we 


"Micro 
Linear 


M1117-4 OR MLl17R-4 
ML 117-4 OR ML 117R-4 
M1117-6 OR MLl17R-6 


4 Channels 
4 Channels 
6 Channels 
24-PIN SOIC 
22-PIN DIP 
28-PIN DIP 


cs 


CS 
HSO 
HSO 
HSO 
HSI 
GNO 
HS1 
cs 
GNO 
HSI 
HS2 


HOX 
WOI 
HOX 
WOI 
GNO 
WOI 
HOY 
Vool 
HOY 
Vool 
HOX 
4 
2S 
Vool 


HIX 
Vo02 
HIX 
VD02 
HOY 
24 
Vo02 


H1Y 
Va 
H1Y 
Va 
HIX 
23 
Va 


H2X 
H3X 


H2X 
H3X 
H1Y 
22 
HSX 


H2Y 
H3Y 
H2Y 
H3Y 
H2X 
21 
H5Y 


R/W 
NC 
R/W 
wus 
H2Y 
9 
20 
H4X 
wc 
NC 
we 
Vcc 
R/W 
10 
19 
H4Y 


ROX 
wus 


ROX 
ROY 
we 
11 
18 
H3X 


ROY 
Vcc 


NC 
12 
17 
H3Y 


TOPVIEW 
TOPVIEW 
ROX 
13 
1& 
wus 


M1117-2 OR M1117R-2 
M1117-6 OR M1117R-6 
ROY 
14 
15 
Vcc 


2 Channels 
6 Channels 
TOPVIEW 


18-PINSOICAND DIP 
28-PIN PeC 


cs 
GNO 
HSO 
HS2 
18 
HSO 
HOX I cs 
HS1 I WOI 


GNO 
17 
3 
2 
1 
28 
27 
2& 


NC 
1& 
Vool 
HOY 
Vool 
HOX 
15 
Voo2 
HIX 
Vo02 


HOY 
14 
H1Y 
Va 


R/W 
13 
H2X 
H5X 
WC 
12 
H1Y 
H2Y 
21 
H5Y 


ROX 
11 
wus 
R/W 
10 
20 
H4X 


ROY 
Vcc 
we 
11 
19 
H4Y 


TOPVIEW 
12 
13 
14 
15 
1& 
17 
18 


NC 
I 
ROY I wus 
I 
H3X 


ROX 
Vcc 
H3Y 


TOPVIEW 


NAME 


HSO-HS2 
CS 


HOX-H5X 


HOY-H5Y 


NAME 


RDX, 
RDY 
Head 
Select 
(six heads) 


Chip 
Select 
(low 
level 
enables 
chip) 


Read/Write 
(high 
level 
selects 


Read 
mode) 


Write 
Unsafe, 
open 
collecter 
out- 
put 
(high 
level 
indicates 
alarm) 


Write 
Data 
In (negative 
transition 


toggles 
head 
current 
direction) 


X head 
connections 


Y head 
connections 


Vcc 


VDD1 


VDD2 
GND 


FUNalON 


X, Y Read 
Data 
(differential 
read 


signal 
out) 


Write 
Current 
(used 
to set the 
write 


current 
magnitude) 


Voltage 
Center 
Tap (center 
tap 


voltage 
source) 


+5 volts 


+ 12 volts 


Positive 
supply 
for 
center 
tap 


Ground 


_~ Micro Linear 


ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Power Supply Voltage Range 
VDDl 
... 
. ...............•.......... 
-0.3 to 14Voc 
VDD2 
. . . . . . . . . . . . . . . ... 
. .. . . . . . . 
-0.3 to 14Voc 
Vcc 
... 
-0.3t06Voc 
Input Voltage Range 
Digital Inputs (CS, R/W, HS, won 
-0.3 
to Vcc +0.3Voc 
Head Ports (HOX-H5X, 
HOY-H5Y) 
-0.3 
to VDDl +O.3Voc 
WriteUnsafe(WUS) 
. 
-0.3to14Voc 
WriteCurrent(lw) 
. 
60mA 


Output 
Current 
Read Data (RDX, ROY) 
..•••...........••....... 
-10mA 
Center Tap Current (Ia) 
....•........ 
-60mA 
Write Unsafe (WUS) 
. 
12mA 
Storage Temperature 
.......••.... 
-65°C 
to 150°C 
Junction Temperature 
fTJ) 
12SoC 
Lead Temperature (Soldering 10 sec.) 
....•.••......... 
300°C 


Supply Voltage 
VDDl 
. 
12V±10% 


Vcc 
. 
SV±10% 


VDD2... 
. 
6.5toVDDl 


Head Inductance 
(LH) 
. 
5to151'H 
Damping 
Resistor (RD, ML 117only) 
500 to 2000Q 


RCT Resistor ('!2 Watt) 
130Q±5% 


WriteCurrent(lw) 
.......••..... 
..25t050mA 


ELECTRICAL CHARACTE RISTICS 
Unless 
otherwise 
specified 
VDDl-12V 
±1O%, Vcc-SV 
±la%, aoe~TA ~ 7aoe (Notes 2 and 3). 


SYMBOL I 
PARAMETER 
I 
CONDITIONS 
I 
MIN 
I===TY==P=====MAX=====I 
UNITS 
DC OPERATING CHARAUERISTICS 


POWER SUPPLY 


ICC 
Vcc Supply Current 
Read or Idle Mode 
25 
mA 


Write Mode 
30 
mA 


IDD 
VDD Supply Current 
Read Mode 
50 
mA 


Write Mode 
30+lw 
mA 


Idle Mode 
25 
mA 


PD 
Power Dissipation 
Read Mode 
600 
mW 


Write Mode Iw - 50 mA, ReT-130Q 
. 
700 
mW 


Write Mode Iw - 50 mA, 
1050 
mW 
Ra-OQ 


Idle Mode 
400 
mW • 


V1H 
High Voltage 
2 
Vcc+0.3 
Voc 


V1L 
Low Voltage 
-0.3 
0.8 
Voc 


IIH 
High Current 
V1H-2.0V 
100 
iiA 


IlL 
Low Current 
V1L-0.8V 
-0.4 
mA 


WUSOUTPUT 


VOL 
Output 
Low Voltage 


IOH 
Output 
High Current 


CENTER TAP VOLTAGES 
Va 
Read Mode 


Va 
Write Mode 


IOL- 8 mA (Safe) 


VoH-5V 
(Unsafe) 


Read Mode 


Write Mode 


"Micro 
Linear 


M1117~ML 117R 


ELECTRICAL CHARACTERISTICS 
(Continued) 
Unless 
otherwise 
specified 
VDDl-12V 
±1O%, 
Vcc~5V 
±10%, 
Iw~45mA, 
LH-10I-lH, 
RD-750Q, 
fDATA~5MHz, 
CL (ROX, ROY)";; 20pF, O°C";;TA";; 
70°C 
(Notes 
2 and 3) (VIN is referenced 
to VCT for Read Mode 
Characteristics). 


SYMBOL 
I 
PARAMETER 
I 
CONDITIONS 
I 
MIN 
I 
TYP 
I 
MAX 
I 
UNITS 


WRITE MODE CHARACTERISTICS 


IWR 
Write Current Range 
Iw-K/Rwc 
10 
50 
mA 


K 
Write Cu rrent Constant 
. 
133 
147 
V 


VHD 
Differential 
Head Voltage Swing 
8 
VPK 


IHU 
Unselected 
Head Transient 
2 
mApK 
Current 


CoD 
Differential 
Output 
Capacitance 
15 
pF 


RoD 
Differential 
Output 
Resistance 
MU17 
10k 
Q 


MU17R 
562 
938 
Q 


fWDI 
WDI Transition Frequency 
WUS-Low 
250 
kHz 


AI 
Iws to Head Current Gain 
20 
AlA 


IL 
Unselected 
Head Leakage 
Sum of X & Y Side Leakage Current 
85 
f'A 


Av 
Differential 
Voltage Gain 
VIN~l 
mVp.p@3OOkHz, 
80 
120 
VIV 


RL(RDX, RDY) ~ 1kQ 


DR 
Dynamic 
Range 
DC Input Voltage (Vi) Where Gain Falls 10%, 
-3 
+3 
mV 
V1N~Vi+0.5mVp.p@ 
300kHz 


BW 
Bandwidth 
(-3dB) 
Izsl<5Q,vIN-l 
mVRMS 
30 
MHz 


elN 
Input Noise Voltage 
BW-15MHz, 
LH~O, RH-O 
. 
2.1 
nVI\I'RZ 


CIN 
Differential 
Input Capacitance 
20 
pF 


RIN 
Differential 
Input Resistance 
MU17 
2k 
Q 


MU17R 
390 
810 
Q 


IIN 
Input Bias Current 
45 
f'A 


CMRR 
Common-Mode 
Rejection Ratio 
VCM- VCT+100 mVp.p @ f~ SMHz 
50 
dB 


PSRR 
Power Supply Rejection Ratio 
loomVp.p@5MHzonVDD1, 
VDD2, orVcc 
45 
dB 


CS 
Channel Separation 
Unselected Channels: 
45 
dB 
V1N-lOOmVp.p@5MHz 
and Selected Chan nel: 
V1N-OmVp.p 


Vas 
Output Offset Voltage 
-480 
+480 
mV 


VOCM 
Common-Mode 
Output Voltage 
Read Mode 
5 
7 
V 


Write or Idle Mode 
4.3 
V 


RoUT 
Single-Ended Output 
Resistance 
f~5MHz 
30 
Q 


IL 
Leakage Current, RDX, RDY 
RDX, ROY- 6V Write or Idle Mode 
-100 
+100 
I-IA 


10 
Output 
Current 
AC Coupled 
Load, ROX to ROY 
2 
mA 


'Micro 
Linear 


ELECTRICAL 
CHARACTE 
RISTICS 
(Continued) 
Unless otherwise specified Vool=12V±10%, 
Vcc=SV±10%, 
Iw~4SmA, 
LH~lOJ.lH, Ro~7S0Q, fOATA-SMHz, 


O°C~ TA~ 70°C (Notes 2 and 3). 


SYMBOL I 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
I 
UNITS 


SWITCHING 
CHARAOERISTICS 


tRW 
R/W to Write Switching 
Delay 
To 90% of Write Current Output 
1 
liS 


tWR 
R/W to Read Switching 
Delay 
To 90% of 100m\/, 10MHz Read Signal 
1 
liS 


Envelope or to 90% Decay of 
Write Current 


tlW 
CS to Select Switching 
Delay 
To 90% of Write Current or to 90% of 
1 
liS 


or 
100m\/, 10MHz Read Signal Envelope 


tlR 
, 


tWI 
CS to Select Switching 
Delay 
To 90% Decay of 100m V, 10MHz Read 
1 
liS 


or 
Signal Envelope or to 90% Decay of Write 
tRI 
Current 


tHS 
Head Select Switching 
Delay 
To 90% of 100m\/, 10MHz Read Signal 
1 
liS 
Envelope 


tD1 
Safe to Unsafe 
Iw~50mA 
1.6 
8 
liS 
Write Unsafe Delay 


tD2 
Unsafe to Safe 
Iw~50mA 
1 
liS 
Write Unsafe Delay 


tD3 
Head Cu rrent Prop. Delay 
LH-O, 
RH~O From 50% points 
25 
nS 


tD3 
Head Current Asymmetry 
WDI has 50% Duty Cycle and 1nS Rise/Fall 
2 
nS 


Time 


Time Head Current Rise/ Fall 
10% and 90% Points 
20 
nS 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: 
Limits are guaranteed by 100% testing, sampling, or correlation 
with worst-case test conditions. 


Note 3: 
Maximum 
junction 
temperature 
[TJlshould not exceed 125°C. 
• 


HEAD 
CURRENT 
IX,IV 


'-Micro 
Linear 


CIRCUIT OPERATION 
The MUll, 
MLl17R functions asa write driver or asa read 


amplifier for the selected head. Head selectioJ:!...andmode 
control are described in Tables 1& 2. Both R/W and CS have 
internal pull-up resistorsfor the prevention of an accidential 
write condition. 


READ MODE 
In the ReadMode the MUll, 
ML117Ris configured as a low 
noise differential amplifier, the write current source and the 
write unsafe detector are deactivated, and the write data flip- 
flop is set. The RDX and RDY outputs are driven by emitter 
followers and are in phase with the "X" and "Y" head ports. 


The internal write current source isdeactivated for both the 
Readand the Chip Deselect modes which eliminates the 
need for external gating of the write current source. 


WRITE MODE 
The Write mode configures the MU17, ML 117Rasa current 
switch and activates the Write Unsafe Detector. The head 
current istoggled between the X- and Y-sideof the recording 
head on the falling edges of WDI, Write Data Input. A pre- 
ceding read operation initializes the Write Data Flip-Flop, 
WDFF, to passcurrent through the X-side of the head. The 
magnitude of the write current, given by: 


Iw - 
KI Rwc, where K - Write Current Constant 


is set by the external resistor, Rwc, connected from pin WC 
toGND. 


Any of the following conditions will be indicated asa high 
level on the Write Unsafe, WUS, open collector output. 


• 
Head open 
• 
Head center tap open 


• WDI frequency too low 
• 
Device in Read mode 
• 
Device not selected 


• 
No write current 


Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 


HS2 
HSl 
HSO 
HEAD 
a 
a 
a 
a 
a 
a 
1 
1 
a 
1 
a 
2 
a 
1 
1 
3 


1 
a 
a 
4 


1 
a 
1 
5 


1 
1 
X 
NONE 


a - 
Logic Level Low 


1 - 
Logic Level High 


X ~ Don't Care 


CS 
R/W 
MODE 
a 
a 
Write 
a 
1 
Read 


1 
X 
Idle 


a - Logic Level Low 
1 ~ Logic Level High 
X ~ Don't Care 


'-Micro 
Linear 


M1117, M1117R 


+5V 
+12V 


I 
100PF 


2K 
Ra(1) 


(2) 


VCC 
VOOI 
VOO2 


WUS 
HO 
MICROPROCESSOR 
AND 
R/W 
CONTROL 
LOGIC 
CS 


H1 


HSO 
H2 


HSI 
Ml117 
READ/WRITE 


HS2 
HEADS 


H3 


H4 
WRITE DATA INPUT 
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NOTES: 


1. RG 
is optional 
and is used to limit internal power dissipation 
(Otherwise connect Vaal to V 002). 


RCT (1/2 Watt) 
- 
130 (55/lw) 
ohms 
where Iw 
= Write Current, 
in mA 


2. Ferrite bead optional: 
used to suppress 
write current 
overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 


3. ROX and ROY load capacitance 20pF maximum. 
ROX and ROY 
output current must be limited to l00~. 


4. Damping resistors not required on ML117R. 


THERMAL 
CHARACTERISTICS 


28-Lead 
PDIP 
PCC 


24-Lead 
SOIC 


22-Lead 
PDIP 


18-Lead 
PDIP 
SOIC 
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MLl17, ML117R 


PART NUMBER 
PACKAGE 
NUMBER OF CHANNELS 


ML117-2CP 
18-Lead Molded 
DIP (P18) 
2 
ML117R-2CP 
18-Lead Molded 
DIP (P18) 
2 
ML117-2CS 
18-Lead Molded 
SOIC (S18) 
2 
ML117R-2CS 
18-Lead Molded 
SOIC (S18) 
2 


ML117-4CP 
22-Lead Molded 
DIP (P22) 
4 
ML117R-4CP 
22-Lead Molded 
DIP (P22) 
4 
ML117-4CS 
24-Lead Molded 
SOIC (S24) 
4 
ML117R-4CS 
24-Lead Molded 
SOIC (S24) 
4 


ML117-6CP 
28-Lead Molded 
DIP (P28) 
6 
ML117R-6CP 
28-Lead Molded 
DIP (P28) 
6 
ML117-6CQ 
28-Lead PCC (Q28l 
6 
ML117R-6CQ 
28-Lead PCC (Q28) 
6 
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'Micro 
Linear 
~L501,~L501R,~L502, 
~L502R, ~L502S-Series 


6, ~ or 8-Channel 
Read/Write Circuits 


The MLS01, MLS02 family of devices are bipolar monolithic 
read/write circuits designed for usewith fixed disk center- 
tapped recording heads. The MLSOl and MLS01Rare de- 
signed for use with ferrite recording heads while the MLS02, 
MLS02R and MLS025 are designed for thin film or composite 
heads. The Rand 5 designation in the part number indicate 
that these parts have internal head damping resistors. 


The MLS01, MLS02 family provides up to eight multiplexed 
read/write data channels. These circuits exhibit features not 
found in similar read/write circuits such as improved write 
current stability and the elimination of write current "glit- 
ches" during power-up. The exclusive MLS02 is identical to 
the MLS01 except that the write unsafe detect circuitry is 
designed to operate with lower head inductance. 


• Exclusive write current disable during 
power-up 


• Enhanced write current 
stability 
• MLS01, MLS01R is replacement 
for SSI 32RS01/S01R 
and is designed for center-tapped 
ferrite heads 


• MLS02, MLS02R, and MLS02S are designed for center- 


tapped thin film or composite 
heads 


• Single or multi-platter 
Winchester 
drives 


• Easily multiplexed 
for larger systems 


• Available 
in 6, 7 or 8 channels 


• TIL compatible 
control 
signals 
• Programmable 
write current 
source 


• Includes write unsafe detection 
• Available 
in a selection of packages 


• +SY, +12Vpowersupplies 
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ML501-6 
OR ML501R-6 


OR ML502-6 
OR ML502R-6 
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ML501-8 
OR ML501R-8 


OR ML502-8 
OR ML502R-8 
8 Channels 
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ML501-8 
OR ML501R-8 


OR ML502-8 
OR ML502R-8 
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PIN DESCRIPTION 


NAME 
FUNCTION 
NAME 


RDX, RDY 
HSO-HS2 
CS 


Head Select (eight heads) 


Chip Select (low level enables 
chip) 


Read/Write (high level selects 
Read mode) 


Write Unsafe, open collecter out- 
put (high level indicates an unsafe 
writing condition) 


Write Data In (negative transition 
toggles head current direction) 


X head connections 


Y head connections 


Vcc 


Voo1 


Voo2 
GND 


HOX-H7X 


HOY-H7Y 


FUNCTION 


X, Y Read Data (differential read 
signal out) 


Write Current (used to set the write 
current magnitude) 


Voltage Center Tap (center tap 
voltage source) 


+5 volts 


+12 volts 


Positive supply for center tap 


Ground 
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ABSOLUTE MAXIMUM 
RATINGS 


(Note 1) 


Power Supply Voltage Range 
Voo1 
...........................•••... 
-0.3 
to 14Voc 
Voo2 
-0.3 
to 14Voc 
Vee 
-0.3 
to 6Voc 


Input Voltage Ra~e 
_ 


Digital Inputs (CS, R/W, 
HS, WDn 
-0.3 
to Vee +O.3Voc 


Head Ports (HOX-H7X, 
HOY-HlY 
-0.3 
to Voo1 +O.3Voc 
WriteUnsafe(WUS) 
-0.3to14Voc 
Write Current (lw) 
..................•••........... 
60 mA 
Output 
Current 


Read Data (RDX, RDY) 
........••............•.. 
- 10mA 


CenterTapCurrent(la) 
......••.............. 
-60mA 


Write Unsafe (WUS) 
.......•..................... 
12mA 


Storage Temperature 
-6S0Cto1S0°C 
Junction Temperature 
[TJ) 
...........•.............. 
13SoC 
Lead Temperature (Soldering 10 sec.) 
300°C 


Supply Voltage 
Voo1 
.....................••.............. 
12V±10% 


Vee 
... 
. ....................••..... 
5V±10% 


Head Inductance 
LH, ML501 or ML501R only 
...........•••...... 
5 to 151'H 


LH, ML502, ML502R, ML502S only 
400 to 1000 nH 
Damping 
Resistor (Ro, ML501 only) 
500 to 2000Q 
RCTResistor('!2Watl) 
. 
120Q±5% 


Write Current (lw) 
................•.......... 
22 to 50 mA 


ELEORICAL 
CHARACTE RISTICS 


Unless otherwise specified Vool-12V±10%, 
Vcc~SV±10%, 
RcT-120Q 
±S%, 
Iw=4SmA, 
O°C";TA"; 70°C (Notes 2 and 3). 


SYMBOL 
I 
PARAMETER 
I 
CONDITIONS 
I 
MIN 
I 
TYP 
[ 
MAX 
I 
UNITS 


DC OPERATING 
CHARACTERISTICS 


POWER SUPPLY 


Ice 
Vee Supply Current 
Read or Idle Mode 
25 
mA 


Write Mode 
25 
mA 


100 
Voo Supply Current 
Read Mode 
48 
mA 


Write Mode 
2S+lw 
mA 


Idle Mode 
20 
mA 


Po 
Power Dissipation 
Read Mode 
770 
mW 


Write Mode Iw- 
SOmA 
830 
mW 


Write Mode Iw - 50 mA, 
1125 
mW 


Ra-OQ 


Idle Mode 
400 
mW 
- 
- 
II 


V1H 
High Voltage 
2 
Voc 


Vll 
Low Voltage 
0.8 
Voc 


IIH 
High Current 
V1H-2.0V 
100 
~ 


III 
Low Current 
V1l ~0.8V 
-0.4 
mA 


WUSOUTPUT 


VOl 
Output 
Low Voltage 


IOH 
Output 
High Current 


CENTE R TAP VOLTAGES 


Va 
Read Mode 


Va 
Write Mode 


10l - 8 mA (Safe) 


VOH-SV 
(Unsafe) 


Read Mode 


Write Mode 
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ELECTRICAL CHARACTERISTICS 
(Continued) 
Unless otherwise 
specified 
Vool 
~12V±1O%, 
Vcc-SV±10%, 
RCT-120Q 
±S%, 
Iw-4SmA, 
LH-lOIlH 
(MLS01, MLS01R), 


LH ~600nH 
(MLS02, 
MLS02R, 
MLS02S), 
Ro-7S0Q 
(MLS01), 
fOATA- SMHz, 
CL (RDX, RDY)";; 20pF, O°C";;TA";; 
70°C 


(Notes 
2 and 3) (VIN is referenced 
to VCT for Read Mode 
Characteristics). 


SYMBOL I 
PARAMETER 
I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


WRITE MODE CHARACTERISTICS 


IWR 
Write Current Range 
Iw-K/Rwc 
10 
50 
mA 


K 
Write Current Constant 
129 
151 
V 


VHO 
Differential 
Head Voltage Swing 
'" 
7.5 
VPK 


IHU 
U nselected Head Transient 
2 
mApK 
Current 


Coo 
Differential 
Output 
Capacitance 
15 
pF 


Roo 
Differential 
Output 
Resistance 
ML501, ML502 
10k 
Q 


TJ-25°C 
ML501R, ML502S/ML502R 
560/180 
940/300 
Q 


fwo1 
WDI Transition Frequency 
WUS-Low 
250 
kHz 


AI 
Iwc to Head Current Gain 
20 
AlA 


IL 
Unselected 
Head Leakage 
Sum of X & Y Side Leakage Cu rrent 
85 
,.,A 


Av 
Differential Voltage Gain 
VIN-l 
mVp_p@3OOkHz, 
90 
120 
VIV 


RL (RDX, RDY) -1 kQ 


DR 
Dynamic 
Range 
DC Input Voltage (VI) Where Gain Falls 10%, 
-3 
+3 
mV 
VIN - VI +0.5 mVp_p@ 300 kHz 


BW 
Bandwidth 
(-3dB) 
IZsl<5Q,VIN-1 
mVp_p 
30 
MHz 


elN 
Input Noise Voltage 
BW~lSMHz, 
LH-O, 
RH-O 
1.5 
nV/-vR"Z 


C1N 
Differential 
Input Capacitance 
f-5MHz 
23 
pF 


R1N 
Differential 
Input Resistance 
f-5MHz, 
TJ-25°C 
ML501, ML502 
2k 
Q 


V1N-6mVp_p 
ML501R, ML502S/ML502R 
530/180 
7901300 
Q 


IIN 
Input Bias Current (1side) 
100 
!JA 


CMRR 
Common-Mode 
Rejection Ratio 
VCM - Va+loomVp_p@f-5MHz 
50 
dB 


PSRR 
Power Supply Rejection Ratio 
1oomVp_p@5MHz 
on Vool, 
VDo2, or Vcc 
45 
dB 


CS 
Channel Separation 
Unselected Channels: 
45 
dB 
V1N-loomVp_p@5MHz 
and Selected Channel: 
V1N-OmVp_p 


Vos 
Output 
Offset Voltage 
-480 
+480 
mV 


VOCM 
Common-Mode 
Output Voltage 
Read Mode 
5 
7 
V 


Write or Idle Mode 
4.3 
V 


RoUT 
Single-Ended Output 
Resistance 
f-5MHz 
30 
Q 


RL 
External Resistive Load 
Per Side to GND 
100 
Q 
(AC Coupled to Output) 


IL 
Leakage Cu rren!, RDX, RDY 
3V«RDX, 
RDY)<8VWriteor 
Idle Mode 
-50 
50 
!JA 


Zo 
Center Tap Output 
Impedance 
OMHz"f"5MHz 
150 
Q 


10 
Output Current 
AC Coupled 
Load, RDX to RDY 
2 
mA 
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ELECTRICAL 
CHARACTE 
RISTICS 
(Continued) 
Unless otherwise 
specified 
Vool-12V±10%, 
Vcc-SV±10%, 
Ro~12()Q 
±S%, 
Iw~4SmA, 
LH-10IlH 
(MLS01, MLS01Rj, 


LH=600nH 
(MLS02, 
MLS02R, 
MLS02S), 
Ro~7S0Q 
(MLSOl), 
fOATA=SMHz, 
O°C~TA~ 
70°C 
(Notes 
2 and 3). 


SYMBOL I 
PARAMETER 
I 
CONDITIONS 
I 
~IN 
I 
TYP 
I 
MAX 
I 
UNITS 


SWITCHING 
CHARAOERISTICS 


tRW 
R/W to Write Switching 
Delay 
To 90% of Write Current Output 
600 
ns 


tWR 
R/W to Read Switching 
Delay 
To 90% of 100m\/, 10MHz Read Signal 
600 
ns 


Envelope or to 90% Decay of 
Write Current 


tlW 
CS to Select Switching 
Delay 
To 90% of Write Current or to 90% of 
600 
ns 
or 
100m\/, 10MHz 
Read Signal Envelope 


tlR 


tWI 
CS to Unselect Switching 
Delay 
To 90% Decay of 100m\/, 10MHz 
Read 
600 
ns 
or 
Signal Envelope or to 90% Decay of Write 


tRI 
Current 


tHS 
Head Select Switching 
Delay 
To 90% of l00mV, 
10MHz Read Signal 
600 
ns 


Envelope 


tDl 
Safe to Unsafe 
Iw~50mA 
1.6 
8 
us 


Write Unsafe Delay 


tD2 
Unsafe to Safe 
Iw-20mA 
1 
us 


Write Unsafe Delay 
i 


tD3 
Prop. Delay Head Current 
LH~O, RH-O From 50% points 
25 
40 
ns 


tD3 
Asymmetry 
Head Current 
WDI has 50% Duty Cycle and 1nS Rise/Fall 
2 
ns 


Time 


Rise/Fall Head Current 
10% and 90% Points 
20 
ns 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: 
Limits are guaranteed by 100% testing, sampling, or correlation 
with worst-case test conditions. 


Note 3: Maximum 
junction 
temperature 
fT)) should not exceed 135°C. 
• 


HEAD 
CURRENT 
IX,IV 
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amplifier when in the Read mode, or asa write current 
switch when in the Write mode. Pins HSO,HSl and HS2 
determine head selection while pin R/W controls the Read/ 
Write mode. A detected "write-unsafe" 
condition is indi- 
cated by pin WUS. 


READ MODE 
When the MLS01, MLS02 is in the ReadMode, it operates as 
a low-noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop isset and both the write 
unsafe detector and the write current source are deactivated. 
The center tap voltage is also lowered. Pins RDX and ROY 
provide differential emitter follower outputs which are in 
phase with the X and Y head input pins. 


Note that during the Reador Chip Deselect mode the inter- 
nal write current isdeactivated, thus making external write 
current gating unnecessary. 


WRITE MODE 
The MLS01, MLS02 operates asa write-current switch when 
in the Write mode. Write current magnitude is determined by 
the following relationship: 


Iw = K/Rwc 


Where: K 
= Write Current Constant 


Rwc - Resistanceconnected between pin WC and 


GND. 


The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the MLS01, MLS02 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to passwrite 
cu rrent th rough the X-side of the head. 


The MLS01, MLS02 exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 


The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 


• Open head 
• Open head center-tap 
• Too low WDI frequency 
• 
Readmode selected 


• 
Device not selected 
• 
No write current 
Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 


The MLS02, MLS02R, MLS02S differ from the MLS01, 
MLS01R by having write unsafe detect circuitry that is de- 
signed to operate with lower amplitude write pulse voltages, 
which result from the lower head inductance of thin film or 
composite heads. 


"""f1:,,#] 
HSl 
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0 
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Read 


1 
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X - 
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NOTES: 
1. RCT is optional 
and is used to limit internal 
power dissipation 
(Otherwise connect VOD 1to Vaa2). 
Ra 
(1/2Watt) 
= 120 (50/Iw) 
ohms 


where 
Iw :: Write Current, 
in mA 


2. Ferrite bead optional: 
used to suppress 
write current 
overshoot 


and ringing. Recommend Ferroxcube 365906S/4A6. 
3. ROX and ROYload capacitance 20pF maximum. 
RDX and ROY 


output 
current 
must be limited to l00$lA. 
4. Damping resistors not required on ML501R or MlS02R. 
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NUMBER OF 
TRANSDUCER 
PART NUMBER 
PACKAGE 
CHANNELS 
HEAD TYPE 


ML501-6CP 
28-Lead 
Molded 
DIP (P28) 
6 
ML501-6CQ 
28-Lead 
PCC (Q28) 
6 
ML501-6C5 
28-Lead 
50IC 
(528) 
6 
Ferrite 
Heads 
MLS01-8CP 
40-Lead 
Molded 
DIP (P40) 
8 
MLS01-8CQ 
44-Lead 
PCC (Q44) 
8 
MLS01-8C5' 
32-Lead 
50IC 
(532) 
8 


ML501R-6CP 
28-Lead 
Molded 
DIP (P28) 
6 
ML501R-6CQ 
28-Lead 
PCC (Q28) 
6 
MLS01R-6C5 
28-Lead 
50IC 
(528) 
6 
Ferrite 
Heads 
MLS01R-8CP 
40-Lead 
Molded 
DIP (P40) 
8 
ML501R-8CQ 
44-Lead 
PCC (Q44) 
8 
ML501 R-8C5' 
32-Lead 
50IC 
(532) 
8 


MLS02-6CP 
28-Lead 
Molded 
DIP (P28) 
6 
ML502-6CQ 
28-Lead 
PCC (Q28) 
6 
MLS02-6C5 
28-Lead 
50IC 
(528) 
6 
Thin 
Film or 
ML502-8CP 
40-Lead 
Molded 
DIP (P40) 
8 
Composite 
Heads 


MLS02-8CQ 
44-Lead 
PCC (Q44) 
8 


MLS02-8C5' 
32-Lead 
50IC 
(532) 
8 


MLS02R-6CP 
28-Lead 
Molded 
DIP (P28) 
6 
. 


MLS02R-6CQ 
28-Lead 
PCC (Q28) 
6 
MLS02R-6C5 
28-Lead 
50IC 
(528) 
6 
Thin 
Film 
or 
ML502R-7CQ 
28-Lead 
PCC (Q28) 
7 
Composite 
Heads 
ML502R-8CP 
40-Lead 
Molded 
DIP (P40) 
8 
ML502R-8CQ 
44-Lead 
PCC (Q44) 
8 
ML502R-8C5' 
32-Lead 
50IC 
(532) 
8 


ML5025-6CQ 
28-Lead 
PCC (Q28) 
6 
Thin 
Film or 
ML5025-7CQ 
28-Lead 
PCC (Q28) 
7 
Composite 
Heads 
ML5025-8CQ 
44-Lead 
PCC (Q44) 
8 
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PRELIMINARY 


ML511, 
ML511 R-Series 


4, 6, ~ or 8-Channel Ferrite 


Read/Write Circuits 


The MLSll isa bipolar monolithic 
read/write circuit designed 


for use with center-tapped ferrite recording heads. The 
MLSll and MLSllR are performance upgrades from the 
MLSOl and MLS01R.The Rdesignation in the part number 
indicates that this part has internal head damping resistors. 


The MLSll provides up to eight multiplexed read/write data 
channels. These circuits exhibit features not found in similar 
read/write circuits such as improved write current stability 
and the elimination of write current "glitches" 
during power- 


up. The MLSll also provides a low noise read data path, and 
data protection circuitry for all of the channels. 


• Enhanced write current stability 
• ML511, ML511R is replacement 
for 551 32R511/ 511Rand 


is designed for center-tapped 
ferrite heads 


• Single or multi-platter 
Winchester 
drives 


• Easily multiplexed 
for larger systems 


• Power supply fault protection 
• 1.5 nV / 'J'RZ maximum 
input noise voltage 


• TIL compatible 
control 
signals 
• Programmable 
write current 
source 


• Includes write unsafe detection 
• Available 
in a selection of packages 


• +5V, 
+12V power supplies 
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PI N DESCRI PTION 


NAME 
FUNCTION 


HSO-HS2 
Head Select (eight heads) 


CS 
Chip Select (low level enables 
chip) 


Read/Write (high level selects 
Readmode) 


Write Unsafe, open collecter out- 
put (high level indicates an unsafe 
writing condition) 


Write Data In (negative transition 
toggles head current direction) 


X head connections 


Y head connections 


HOX-H7X 


HOY-H7Y 


FUNCTION 


X, Y Read Data (differential read 
signal out) 


Write Current (used to set the write 
current magnitude) 


Voltage Center Tap (center tap 
voltage source) 


+5 volts 


+12 volts 


Positive supply for center tap 


Ground 


ML511R-7CS 


28-Lead 
SOIC 


24 
we 


2J 
ROY 


22 
ROX 


21 
HSO 


2Q 
HSl 


,., 
H52 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 1) 


Power Supply Voltage Range 


Voo1 
.......................•••... 
-0.3 
to 14Voc 


Vo02 
...........................••.... 
-0.3 
to 14Voc 


Vee 
.... 
. ............•........ 
-0.3t06Voc 


Input Voltage Range 
Digital Inputs (13, R/W, HS, WDI) 
- 0.3 to Vee +0.3 Voc 
Head Ports (HOX-H7X, 
HOY-HlY 
-0.3 
to Voo1 +O.3Voc 
WriteUnsafe(WUS) 
-0.3to14Voc 
Write Current (Iw) 
................••.............. 
60mA 
Output 
Current 
Read Data (RDX, RDY) 
....••.............••.... 
-lOmA 
CenterTapCurrent(lCT) 
...•••.................. 
-60mA 


Write Unsafe (WUS) 
................••........... 
12mA 


Storage Temperature 
-65°Cto150°C 
Junction Temperature 
(TJ) 
135°C 
Lead Temperature (Soldering 10 sec.) 
300°C 


Supply Voltage 


Vool 
Vee 
. 


Head Inductance 


LH, ML511 or ML511R 
..................•. 


Damping 
Resistor (Ro, ML511 only) 


RCT Resistor (1/4 Watt) 
. 
Write Current (lw) 
.........•••••. 


5to151'H 


500t02000Q 


120Q ±5% 
10 to 40mA 


ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified VDD1-VDD2=12V±10%. 
Vcc=SV 
±10%, Rcr=120Q ±S%, Iw-40mA, 
Ooe";TA"; 
700e 


(Notes 2 and 3). 


SYMBOL I 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
I 
UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


Ice 
Vee Supply Current 
Read or Idle Mode 
35 
mA 


Write Mode 
, 
30 
mA 


100 
Voo Supply Current 
Read Mode 
35 
mA 


Write Mode 
20+lw 
mA 


Idle Mode 
20 
mA 


Po 
Power Dissipation 
Read Mode 
655 
mW 


Write Mode Iw ~40 mA, 
960 
mW 


Ra~OQ 


Idle Mode 
455 
mW • 


VIH 
High Voltage 
2 
Voc 


VIL 
Low Voltage 
0.8 
Voc 


IIH 
High Current 
V1H-2.0V 
100 
iiA 


IlL 
Low Current 
V1L~0.8V 
-0.4 
mA 


WUSOUTPUT 


VOL 
Output 
Low Voltage 


IOH 
Output 
High Current 


CENTER TAP VOLTAGES 


VCT 
Read Mode 


VCT 
Write Mode 


Read Mode 


Write Mode 


IOL-8mA 
(Safe) 


VOH~5V 
(Unsafe) 


.~ 
Micro Linear 


Ml511, Ml511R 


ELECTRICAL CHARACTERISTICS 
(Continued) 
Unless 
otherwise 
specified 
VDDl-12V 
±10%, 
Vcc=SV 
±10%, 
RCT-120Q 
±S%, 
Iw-3SmA, 
LH~lOf'H, 
RD~ 7S0Q 
(MLS11l, 


fDATA- 5 MHz, 
CL (RDX, 
RDY)';; 
20 pF, O°C';; TA';; 70°C 
(Notes 
2 and 3) (VIN is referenced 
to VCT for Read Mode 
Characteristics). 


SYMBOL I 
PARAMETER 
I 
CONDITIONS 
I 
MIN 
I 
TYP 
I 
MAX 
I 
UNITS 


WRITE MODE CHARACTERISTICS 


IHCW 
Head Current (per side) 
Write Mode 
-200 
200 
p.A 


0';;Vcc';;3.7V 
0';; Voo1';;8.7V 
. 


IWR 
Write Current Range 
Iw-K/Rwc 
10 
40 
mA 


K 
Write Current Constant 
2.375 
2.625 


VHO 
Differential 
Head Voltage Swing 
7.0 
VPK 


IHU 
Unselected Head Transient 
2 
mApK 


Current 


COD 
Differential 
Output Capacitance 
15 
p~ 


Roo 
Differential 
Output 
Resistance 
Ml511 
10k 
Q 


TJ~25°C 
ML511R 
600 
960 
Q 


fwol 
WDI Transition Frequency 
WUS-Low 
250 
kHz 


AI 
Iwc to Head Current Gain 
0.99 
mA/mA 


Il 
Unselected 
Head Leakage 
Sum of X & Y Side Leakage Current 
85 
f'A 


Av 
Differential 
Voltage Gain 
VIN-1 mVp.p@3OOkHz, 
85 
115 
VIV 


Rl (RDX, RDY) ~ 1kQ 


DR 
Dynamic 
Range 
DC Input Voltage (VI) Where Gain Falls 10%, 
-3 
+3 
mV 


V1N- VI +0.5mVp.p@3OOkHz 


BW 
Bandwidth 
(-3dB) 
IZsl<5Q,VIN-1 
mVp.p 
30 
MHz 


elN 
Input Noise Voltage 
BW-15MHz, 
lH~O, 
RH-O 
1.5 
nVI VRZ 


CIN 
Differential 
Input Capacitance 
f-5MHz 
20 
pF 


RIN 
Differential 
Input Resistance 
f~5MHz, 
TJ-25°C 
ML511 
2k 
Q 


VIN-6mVp.p 
ML511R 
460 
860 
Q 


IHCR 
Head Current (per side) 
Read or Idle Mode 
-200 
200 
p.A 


0';;Vcc';;5.5V 
0';;Voo1';;13.2V 


IIN 
Input Bias Current (l side) 
45 
f'A 


CMRR 
Common-Mode 
Rejection Ratio 
VCM- VCT+ 1oomVp.p@f-5MHz 
50 
dB 


PSRR 
Power Supply Rejection Ratio 
1oomVp.p@5MHz 
on Voo1, Voo2, or VCC 
45 
dB 


CS 
Channel Separation 
Unselected Channels: 
45 
dB 
VIN-loomVp.p@5MHz 
and Selected Channel: 
V1N-OmVp.p 


Vas 
Output 
Offset Voltage 
Read Mode 
-460 
+460 
mV 


Write or Idle Mode 
-20 
+20 
mV 


VOCM 
Common-Mode 
Output 
Voltage 
Read Mode 
4.5 
6.5 
V 


Write or Idle Mode 
5.3 
V 


RoUT 
Single-Ended Output 
Resistance 
f~5MHz 
30 
Q 


Il 
leakage Current, RDX, RDY 
(RDX, RDY) -6V 
Write or Idle Mode 
-100 
100 
p.A 


10 
Output 
Current 
AC Coupled 
Load, RDX to RDY 
±2.1 
mA 


'Micro 
Linear 


ELEORICAL CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified 
VDDl-12V±10%, 
Vcc~SV±10%, 
Ra=120Q 
±S%, 
Iw=3SmA, 
LH=10/lH, 
RD= 750Q 
(MLSll), 


{DATA-SMHz, 
O°C";;TA";; 
70°C 
(Notes 
2 and 3). 


SYMBOL I 
PARAMETER 
I-----C-O-N-O-IT-I-O-N-S----- 
MIN 
TIP 
MAX 
I 
UNITS 


SWITCHING 
CHARACTERISTICS 


tRW 
R/W to Write Switching 
Delay 
To 90% of Write Current Output 
1 
/,S 


tWR 
R/W to Read Switching 
Delay 
To 90% of 100m\/, 10MHz Read Signal 
1 
/,S 


Envelope or to 90% Decay of 
Write Current 


tlW 
CS to Select Switching 
Delay 
To 90% of Write Current or to 90% of 
1 
/,s 
or 
100m\/, 10MHz Read Signal Envelope 


tlR 


tWI 
CS to Unselect Switching 
Delay 
To 90% Decay of 100m\/, 10MHz Read 
1 
/,S 
or 
Signal Envelope or to 90% Decay of Write 
tRI 
Current 


tHS 
Head Select Switching 
Delay 
To 90% of 100m\/, 10MHz 
Read Signal 
1 
/,S 


Envelope 


tD1 
Safe to Unsafe 
Iw-35mA 
1.6 
8 
us 
Write Unsafe Delay 


tD2 
Unsafe to Safe 
Iw-35mA 
1 
us 
Write"Unsafe 
Delay 


tD3 
Prop. Delay Head Current 
lH-O, 
RH-O From 50% points 
25 
ns 


Asymmetry 
Head Current 
WDI 
has 50% Duty Cycle and 1nS Rise/ Fall 
2 
ns 


Time 


Rise/Fall Head Current 
10% and 90% Points 
20 
ns 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified are measured with respect to ground. 


Note 2: 
limits 
are guaranteed by 100% testing, sampling, or correlation 
with worst-case test conditions. 


Note 3: 
Maximum 
junction 
temperature 
(TJlshould not exceed 135°C. 
-- 


HEAD 
CURRENT 
IX,IV 


'Micro 
Linear 


'--I n..,--v 11 V"'I:~IIVI' 
For any selected head, the ML511functions as a read ampli- 
fier when in the Read mode, or asa write current switch 
when in the Write mode. Pins HSO,HSl and HS2 determine 
head selection while pin R/W controls the Read/Write 
mode. A detected "write-unsafe" 
condition is indicated by 


pinWUS. 


READ MODE 
When the ML511is in the ReadMode, it operates as a low- 
noise differential amplifier on the selected channel. In Read 
mode the write data flip-flop is set and both the write unsafe 
detector and the write current source are deactivated. The 
center tap voltage is also lowered. Pins RDX and RDY provide 
differential emitter follower outputs which are in phase with 
the X and Y head input pins. 


Note that during the Reador Chip Deselect mode the inter- 
nal write current is deactivated, thus making external write 
current gating unnecessary. 


WRITE MODE 
The ML511operates asa write-current switch when in the 
Write mode. Write current magnitude is determined by the 
following relationship: 


Iw - K/Rwc 


Where: K 
- Write Current Constant 


Rwc - Resistanceconnected between pin WC and 
GND. 


The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML511to write mode, the WDFF 
(Write Data Flip-Flop) is initialized to passwrite current 
through the X-side of the head. 


The ML511,ML511Rexhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 


The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 


• Open head 
• Open head center-tap 
• Too low WDI frequency 
• 
Readmode selected 
• 
Device not selected 
• 
No write current 
Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 


The ML511also offers a voltage fault detection circuit that 
prevents write current during power-loss or power-up. 
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VCC 
VOD1 
VOD2 


WUS 
HO 
MICROPROCESSOR 


AND 
R/W 
CONTROllOCIC 
CS 


Hl 


HSO 
H2 


HSI 


HS2 


H3 
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READ/WRITE 
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H4 
- 
HS 


H6 


WRITE DATA INPUT 
WDI 


RDX 
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(3) 


ROY 
H7 


lK 
WC 


WC 


NOTES, 


1. RCT is optional 
and is used to limit internal 
power dissipation 


(Otherwise 
connect VOD 1to V 002). 
RCT (1/2Watt) = 120 (40/lwl 
ohms 


where 
Iw "" Write 
Current, 
in mA 


2. Ferrite bead optional: 
used to suppress 
write current 
overshoot 


and ringing. Recommend Ferroxcube 3659065/4A6. 


3. ROX and ROY load capacitance 20pF maximum. 
ROX and ROY 


output current must be limited to l00~. 


4. Damping 
resistors not required on ML511R. 
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Ml511, Ml511 R 


PART NUMBER 
PACKAGE 
NUMBER OF CHANNELS 


Ml511-4CS 
24-lead 
SOIC (S24) 
4 
Ml511R-4CS 
24-lead 
SOIC (S24) 
4 


Ml511-6CP 
28-lead 
Molded DIP (P28) 
6 
Ml511R-6CP 
28-lead Molded DIP (P28) 
6 
Ml511-6CQ 
28-lead 
PCC (Q28) 
6 
Ml511R-6CQ 
28-lead 
PCC (Q28) 
6 
Ml511-6CS 
28-lead SOIC (S28) 
6 
Ml~11~-6CS 
28-lead SOIC (S28) 
6 


Ml511R-7CS 
28-lead 
sOle 
(S28) 
7 
Ml511R-7CQ 
28-lead 
PCC (Q28) 
7 


Ml511-8CP 
4O-lead Molded DIP (P40) 
8 
Ml511R-8CP 
4O-lead Molded DIP (P40) 
8 
Ml511-8CQ 
44-lead 
PCC (Q44) 
8 
Ml511R-8CQ 
44-lead 
PCC (Q44) 
8 


Ml511-8CS 
32-lead SOIC (S32) 
8 


Ml511R-8CS 
32-lead SOIC (S32) 
8 


PIN COUNT 


24-lead 
28-lead 
28-lead 
28-lead 
32-lead 
44-lead 
4O-lead 


PACKAGE 


SOIC 
PDIP 
PCC 
SOIC 
SOIC 
PCC 
PDIP 


lJja 


75°C/W 
55°C/W 
65°C/W 
70°C/W 
60°C/W 
60°C/W 
45°C/W 


.~MicroLinear 


'Micro 
Linear 
ML541 


Read Data Processor 


The ML541 is a monolithic 
bipolar integrated circuit for use in 


a disk drive system to detect analog pulse peaks generated by 
the recording head during a Readoperation. Connected to 
the read/write amplifier output, it detects valid data and 
provides a TIL output to the data separator for fu rther proc- 
essing. It contains both analog and digital circuitry and sup- 
ports the reading of MFM and RLLencoded data at rates up 
to 15 megabits/second. 


The primary functional blocks within the device include an 
AGC amplifier, a level detector, a slope detector, and output 
logic. Operating modes Read,Write, and Hold are selectable 
with input logic signals. Read mode is used for pulse peak 
detection during a Readoperation. Write mode disables the 
device's ouput during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 


By using both level and slope detection, accurate pulse vali- 
dation and peak time detection is acheived. The ML541 per- 
formance can be adjusted to fit particular needs through 
external component selection. 


The ML541 is available both in a 24-pin PDIP and 28-pin 
pce. 


• Second source for SSI 541 
• Data rates up to 15 megabits/ second 
• Supports MFM and RLL encoded 
read data 


• 25 MHz wide-bandwidth 
AGC amplifier 
• FastAGC region for fast transient 
recover 
• Slow AGC region for minimum 
zero crossing distortion 


• Write to read transient suppression 
• Supports embedded 
servo decoding 
• +5V, 
+12V power supplies 


-- 
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DIN+ 


HYS 
CIN_ 
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20 
OUT- 


IN+ 
19 
OUT+ 


IN- 
18 
AGND 


HOLDB 
17 
BYP 


VOO 
16 
DGND 


COUT 
Dour 


R!WB 
RD 
as 
vcc 


TOPVIEW 


LEVEL 


AGC 


23 
OUT- 


22 
OUT + 


21 
AGND 


20 
BYP 


19 
DGND 


R!WB I 
NC I 
RD I Dour 
as 
vcc 
NC 


TOP VIEW 


IN- 


HOLDB 


NAME 


Vcc 
Voo 
AGND 
DGND 
R/WB 


IN+,IN- 
OUT+,OUT- 


BYP 


FUNOION 


+SV 
+12V 
Analog 
Ground. 


Digital 
Ground. 


TTL compatible 
Read/Write 
Control 
pin. 
Analog 
Signal Input 
pins 
AGC Amplifier 
Output 
pins 


The AGC timing 
capacitor 
CAGC is 
tied between 
this pin and AGND. 


TTL compatible 
pin that holds the 
AGC gain when 
pulled 
low. 


Reference 
input 
voltage 
level for the 
AGCcircuit. 
Analog 
input 
to the hysteresis 
com- 
parator. 


NAME 


HYs 


FUNOION 


Input 
for setting 
hysteresis 
level of the 
hysteresis 
comparator. 


Provides 
rectified 
signal 
level for input 


to the hysteresis 
comparator. 


Buffered 
test point 
for monitoring 
D 
input 
of the flip-flop. 
Analog 
input 
to the differentiator. 


External 
differentiating 
network 
con- 
nection 
pins. 


Buffered 
test point 
for monitoring 
the 
clock 
input 
to the flip-flop. 


Connection 
for read output 
pulse 
width 
setting 
capacitor 
Cos. 


TTL compatible 
read output. 


R!WB 
HOLDB 
MODE 
DESCRIPTION 


1 
1 
READ 
AGC amp section active, Digital section active. 


1 
0 
HOLD 
AGC gain constant, Digital section active. 


0 
X 
WRITE 
AGe gain maximum, 
Digital section "Inactive, 


Input common 
mode resistance reduced . 


o - 
Logic level low 


1 - 
Logic level high 
X 
- 
Don't care 
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ABSOLUTE 
MAXIMUM 
RATINGS 


(Notel) 


Power Supply Voltage Range 
Vcc 
. 
VDD 
. 
Terminal Voltage Range 
R/WB, 
IN+, 
IN-, 
HOLDB 
-O.3VtoVcc 
+0.3V 
RD 
-0.3VtoVcc+0.3Vor+12mA 


Allothers 
-O.3VtoVDD+O.3V 
StorageTemperatureRange 
-65°Cto 
+150°C 
Junction Temperature 
[TJ) 
..............•.......... 
+135°C 
Lead Temperature (Soldering, 10sec) 
260°C 


.....•••......... 
-0.3t06Voc 


. 
-0.3to14VDC 


Supply Voltage 
VCC 
.....................•................ 
5V±10% 


VDD 
.......................•............. 
12V±10% 


V(CIN+-CIN_j, 
V(DIN+-DIN_) 
.•........•........... 
1Vp.p 


VHYS 
. .. 
. . 
1.0V 


Cas 
.. 
50 to 200pF 


Typical Component 
Values (Refer to Typical Applications) 


C1N 
. . . . . . . . . . . . . . . . . .. 
O.OOl1'F 
~ 
: 
~~ 


CaUl 
............................•........ 
0.00471'F 


Roul 
...•........• 
•. ........•••............. 
400Q 
CAGC1 ........••..........•............•..... 
220 pF 


CAGC2 ..........••.......................... 
2000 pF 
RAGC ..........................••••......... 
2.21 kQ 
CLEVEL .................................••.... 
150pF 


RLEVELl ....••.........••.........••••........ 
1.54 kQ 
RLEVEL2 ...••.........••...........••........ 
6049 kQ 
Cas 
..........•.......•.••.......•.•.••....... 
50pF 


ELECTRICAL CHARACTE RISTICS 
The following 
specifications 
apply 
over the recommended 
operating 
conditions 
of Vcc- 
SV ± 10%, Voo 
-12V 
± 10%, 


ooe <TA <70oe 
and external 
components 
as specified 
under 
recommended 
operating 
conditions 
unless otherwise 
specified. 


(See Note 
2.) 


SYMBOL 


DC Characteristics 


Icc 
vcc Supply Current 
Outputs 
unloaded 
14 
mA 


IDD 
VDD Supply Current 
Outputs 
unloaded 
70 
mA 


PD 
Power Dissipation 
Outputs unloaded, 
930 
mW 


TA-70°C 
• 


VrH 
High Voltage 
.' 
. 
2 
V 


VIL 
Low Voltage 
0.8 
V 


IIH 
High Current 
V1H-204V 
100 
i<A 


IlL 
Low Current 
V1L-Oo4V 


;.. 
-004 
mA 


Digital Outputs 
Characteristics 
(CaUl, RD) 


VOL 
Output 
Low Voltage 
IOL-4mA 


VOH 
Output 
High Voltage 
IOH-400i<A 


WRITE AND 
HOLD MODE 
CHARACTERISTICS 


Mode Control 


tRW 
Read to Write 


I 


1 
I's 


Transition Time 


tWR 
Write to Read Transition Time 
AGC settling not included, 
1.2 
3 
I's 


time to high input resistance 


tRH 
Read to Hold Transition Time 
1 
I'S 


Write Mode 


Zrc 
Common 
Mode Input 
Impedance 
(both sides) 
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ELEORICAL CHARAOE RISTICS(Continued) 
The followi ng specifications apply over the recom mended operati ng conditions of Vcc - 5V ± 10%, VDO ~ 12V ± 10%, 
O°C" TA" 70°C, IN + and IN - AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pF to GND, Csyp-2000pF, 
OUT + and OUT - AC coupled to DIN+ and DIN_ respectively, VAGC-2.2V 
unless otherwise 


specified. (SeeNote 2.) 


SYMBOL 
PARAMETER 


READ MODE CHARACTERISICS 


AGC Amplifier 


RID 
Differential 
Input Resistance 
VIIN+_IN_I-100mVp.p@2.5MHz 
5 
kQ 


CID 
Differential 
Input Capacitance 
VIIN+_IN_I-100mVp.p@2.5MHz 
10 
pF 


ZIC 
Common 
Mode Input 
R!WB pin high 
1.8 
kQ 
Impedance 
(both sides) 
R!WBpin 
low 
0.25 
kQ 


AVR 
Gain Range 
1Vp_p" Your diff< 2.5 Vp_p 
4 
83 
VIV 


eN 
Input Noise Voltage 
Gain set to maximum 
30 
nV! JRZ 


BW 
Bandwidth 
Gain set to maximum, 
- 3dB point 
25 
.- 
MHz 


VOP 
Maximum 
Output Voltage 
Set byVAGC 
3 
Vp_p 


Swing 


" 


laD 
OUT + to OUT - 
Pin Current 
No DC path to GND, See Note 3 
±3.2 
mA 


Ro 
Output 
Resistance 
20 
30 
Q 


Co 
Output 
Capacitance 
12 
pF 


VIP 
(D1N+-DIN_) 
Input Voltage 
30mVp_p" V(lN +-IN _) •• 550 mVp_p, 
0.48 
Vp_plV 


VAGC 
Swing VS AGC Input Level 
1.5V" 
VAGC•• 3.75V 


VIP 
(D1N+-DIN_l 
Input Voltage 
30 mVp.p<V(lN +-IN _1< 550mVp_p, 
+8 
% 


Swing Variation 
AGC Fixed, over supply and temp. 


tD 
Gain Decay Time 
See Figure la; VIN ~300mVp_p 
. 
50 
I's 


then >150mVp_pat2.5MHz, 
Your 
to 90% of final value. 


tA 
Gain Attack Time 
See Figure lb; from Write to Read 
4 
I's 


transition to Your 
at 110% of final 


value, VIN-400mVp.p@2.5MHz 


IAGCfc 
FastAGC Capacitor 
VIDIN+-DIN_I~1.6\/, 
VAGc-3.0V 
1.5 
mA 


Charge Current 


IAGcsc 
Slow AGC Capacitor 
VIDIN+-DIN_)-1.6\/, 
VaryVAGC until 
0.17 
mA 


Charge Current 
slow discharge begins 


Fastto Slow Attack 
VIDIN+-DIN_I 
1.25 
- 
Switchover 
Point 


V1DIN+-DIN_I Final 


'AGCD 
AGC Capacitor 
V1D11>J 
+-;;aN _I ~O.OV 
Discharge Current 
ReadM 
e 
4.5 
JlA 


Hold Mode 
-0.2 
+0.2 
JlA 


CMRR 
CMRR (Input Referred) 
VIN+~VIN_ 
-l00mVp_p 
40 
dB 
@ 5 MHz, gain at max. 


PSRR 
PSRR(Input Referred) 
Vcc orVDD-l00mVp.p 
30 
dB 
@5MHz,gainatmax. 


VIP 
Input Signal Range 
1.5 
Vp.p 


RID 
Differential 
Input Resistance 
VIDIN+_DIN_I-100mVp_p@2.5MHz 
5 
15 
kQ 


CID 
Differential 
Input Capacitance 
VIDIN+_DIN_)-100mVp_p@2.5MHz 
6.0 
pF 


Zle 
Common 
Mode Input 
(both sides) 
2.0 
kQ 
Impedance 


Via 
Comparator 
Offset Voltage 
HYS pin at -0.5\/, 
•• 1.5kQ across 
5 
mV 


D1N+, D1N_ 
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ELECTRICAL 
CHARACTE 
RISTICS 
(Continued) 


The following 
specifications 
apply 
over the recommended 
operating 
conditions 
of VCC~ 5 V ± 10%, VDD -12V 
± 10%, 


O°C";TA"; 
70°C, 
IN+ 
and IN- 
AC coupled, 
OUT 
+ and OUT 
- 
differentially 
loaded 
with 
>6OOQ 
and each side loaded 
with 


<lOpF 
to GND, 
CBYP= 2000pF, 
OUT 
+ and OUT 
- 
AC coupled 
to DIN+ and D1N- 
respectively, 
VAGC-2.2V 
unless otherwise 
specified. 
' 


SYMBOL 
PARAMETER 


READ MODE CHARACTERISICS 
(Continued) 


Hysteresis Comparator 
(Continued) 


VHYSP 
Peak Hysteresis Voltage vs HYS 
1V<VHYS<3V 
0.21 
V/V 
VHYS 
pin voltage (input referred) 


II 
HYS Pin Input C~ rrent 
1V<VHYS<3V 
0 
L 
-20 
fJA 


10 
LEVEL Pin Max Output 
Current 
, 
3 
mA 


Ro 
LEVEL Pin Output 
Resistance 
ILEVEL~ 0.5 mA 
180 
Q 


VOL 
DOUT Pin Output 
Low Voltage 
TA-70°C 
Voo-4.0 
Vpo-2.5 
V 


VOH 
DOUT Pin Output 
High Voltage 
TA _70°C 
Voo-2.2 
Voo-1.5 
V 


VOL 
DO\JT Pin Output 
Low Voltage 
TA _25°C 
Voo-4.0 
Voo-2.8 
V 


VOH 
DOUT Pin Output 
High Voltage 
TA-25°C 
" 
, 
Voo-2.5 
Voo-1.6 
V 
, 


VIP 
Input Signal Range 
1.5 
Vp.p 


RIO 
Differential 
Input Resistance 
VICIN+_CIN_)-100mVp.p@2.5MHz 
5 
15 
kQ 


CIO 
Differential 
Input Capacitance 
VICIN+_CIN_)-100mVp.p@2.5MHz 
6 
pF 


ZIC 
Common 
Mode Input 
(both sides) 
2.0 
kQ 


Impedance 


100 
DIF+ to D1F_ Pin Current 
Differentiator 
Imped must be set so as 
±1.3 
mA 


not to clip signal at this current level 


VIO 
Comparator 
Offset Voltage 
D1F+,DIF_ ACCoupled 
5 
mV 


VOL 
COUT Pin Output 
Low Voltage 
0"'loH"'0.5mA 


, 


Voo-3 
V 


Vpo 
CoUT Pin Output 
Pulse Voltage 
0", 10H'" 0.5 mA 
004 
V 


PWo 
COUT Pin Output 
Pulse Width 
0"'IOH"'0.5mA 
30 
ns • 


The followi 
ng specifications 
apply 
overthe 
recommended 
operati 
ng cond itions of Vcc = 5 V ± 10%, V DO ~ 12V ± 10%, 


O°C";TA"; 
70°C, 
VICIN+-CIN_)~VI0INrOIN_)~1.0Vp.pAC 
coupled sine wave at 2.5MHz, 
RolF-100Q, 
COIF~65pF, VHYS-1.8V, 
Cos-60pF, 
4kQ to Vcc and lOpF to GND on pin RD unless otherwise specified. 


tOJ 
D-Flip-Flop Set Up Time 
Min delay from VIOIN+-OIN_) 
0 
ns 


exceeding threshold to VIOIF+-OIF_) 
reaching a peak 


to] 
Propagation Delay 
110 
ns 


tos 
Output 
Data Pulse Width 
TA -2SoC, 
Vcc-5V, 
Voo~12V 
±15% 


tos 
Output 
Data Pulse Width 
Cos-60pF, 
See Note 4 
30 
80 
ns 
Variation 


tDJ-t04 
Logic Skew (Pulse Pairing) 
3 
ns 


tR 
Output 
Rise Time 
VoH-204V 
18 
ns 


tF 
Output 
Fall Time 
VOL-Oo4V 
14 
ns 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: 
Limits are guaranteed by 100% testing, sampling, or correlation 
with worst-case test conditions. 


Note 3: AGC amplifier output current may be increased as in Figure 4. 


Note 4: 
tos == 770 (Cas), 50pF < Cos < 150pF. 


Note 5: Typicals are parametric 
norm at 25°C 
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Operating Modes 
The ML541 hasthree definitive operation modes which are: 
Read mode, Write mode and Hold mode. These modes are 
defined by input pins HOLDB and R!WB asshown in Table 
1. Read mode, the mode used normally for pulse detection, is 
assumed in the following sections unless otherwise noted. 


AGC Amplifier 
Section 


The purpose of the AGC amplifier isto provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re- 
cording head from an inside to outside data track or varia- 
tions in media. 


The differential output voltage level VOUTfrom the AGC amp 
is determined by voltage VAGCpresent at pin AGe. VOUTis 
full wave rectified and compared against VAGCto create 
charge!discharge current for capacitor CByPconnected at 
pin BYP.Voltage VBYPacross CBYPcontrols the gain in the 
AGC amplifier. 


Two distinct values of IBVPare possible which determine a fast 
and slow AGC gain response attack rate. When VOUTis more 
than 125% of the set level a high value of IBVPis sourced 
which provides a fast AGC attack rate. When VOUT iswithin 
100"/0to 125% of the set level a reduced value of IBYPis 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 
response and then minimum zero crossing distortion of the 
analog signal once the gain iswithin working range. VAGC 
should be set so that the differential input voltage V01N into 
the level comparator is 1Vp_pat nominal Readsignal condi- 
tions. The AGC amp section gain is given by: 


AY2 
_ 
VBYP2- VBYPl 
exp------ 


AYl 
5.8 x VT 


Where: Ay1, AY2are initial and final amplifier gain values 
corresponding to initial and final VBYPvalues. 


VT = (KT)!Q 
~ 26mVat 
room temperature. 


The AGC amp's differential inputs must be AC coupled to the 
read amplifier (Ml117, ML501, etc.) differential outputs. Simi- 
larly, AC coupling must be used at the AGC amp outputs. 


AGC Amp During Write Mode- 
When the ML541 is put into 
write mode, the AGC amp's input impedance is lowered to 
allow a faster dampening of the Write to Readtransient from 
the head pre-amp. The AGC gain is also setto maximum gain 
so that fast AGC attack will occur when changing back to the 
Read mode. Internal device timing is controlled so that set- 
tling occurs prior to Readmode activation. Minimal value 
input coupling capacitors should be chosen to reduce set- 
tling time, however, bandwidth requirements also need to be 
considered. 


AGC Amp During Hold Mode- 
During the Hold mode, the 
charge! discharge current driving pin BYPis internally discon- 
nected. AGC compensation capacitor CAGCwill then hold 
the present gain setting. The amplitude ofVouT will therefore 
not affect the AGC gain and gain will remain constant. 


wrlefl ellllJt:UUeU ~elvu IllIUlllldllUl1 
I~ICdU. 111I:lo fJIC"VlClll:lo 


loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor- 
mallytaken at outputs D1F- and D1F+'asshown in the typical 
application. 


External Filter Network 
Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessellfilter is recommended due to 
the group delay and linear phase characteristics. 


Level Detector 
The full wave rectified VOUTis buffered and available at pin 
LEVEl. The level detector usesa hysteresiscomparator to 
compare the processed read signal amplitude against a refer- 
ence voltage derived from voltage VLEVELoutput from pin 
LEVEl. Using VLEYELprovides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresisvalue is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 


Slope Detector 
The slope detector usesan external reactive component 
network to produce a voltage signal proportional to the differ- 
ential of the read signal. By using a hysteresiscomparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 


An external reactive network, shown in the Typical Applica- 
tion, is used between the DIF+ and D1F_pins to provide the 
differential function given by: 


-2000cs 
Ay ~ --------- 
LCs2 + (R + 92) Cs + 1 


Where: C ~ External capacitor (20 pF to 150pF) 


L ~ External inductor 
R ~ External resistor 
s ~ jw 
- j2nf 


Output logic 
The output logic provides a negative TIL pulse at pin RD 
which begins at the peak of a valid read pulse, asshown 
below. 
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Pin R/WB must be high for the output logic to be active. The 
key element in the output logic isthe D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli- 
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out- 
put timing and the level detector determines pulse validity. 


Layout Considerations 
As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir- 
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 


• 
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'Micro 
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€:'" 
AMP 


IN- 


12V 


CS 
~ 


• 


AGC 
LEVEL 
R/WB 
HVS 
Dour 
OS 
5V 


READIWRITE 
T 


Cos 5i 
CONTROL 


RlEVEl1 


ClEVEl 


RlEVE12 


Figure 3. 
Typical Application 
Diagram 


G~Micro Linear 


PART NUMBER 


ML541CP 
ML541CJ 
ML541CQ 
ML541C5 


TEMP. RANGE 


DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 


PACKAGE 


MOLDED 
DIP (P24) 


HERMETIC DIP (J24) 
MOLDED 
PCC (Q28) 
MOLDED 50IC 
(524) 
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'Micro 
Linear 
ML4041, ML4042 


Read Data Processor 


The ML4041, ML4042 is a monolithic 
bipolar 
integrated 


circuit 
used in disk drive systems to detect amplitude 
peaks generated 
by the recording 
heads during 
a Read 


operation. 
Connected 
to the read/write 
amplifier 


output, 
it detects valid data and provides 
a TIL output 
to the data separator. Containing 
both analog and 
digital circuitry, 
it supports 
the reading of MFM and RLL 


encoded 
data at rates up to 24 megabits/second. 


Operating modes Read,Write, and Hold are selectable with 
input logic signals. Read mode is used for pulse peak detec- 
tion during a Readoperation. Write mode disables the 
device's output during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 


By using both level and slope detection, accurate pulse vali- 
dation and peak time detection is achieved. The ML4041, 
ML4042 characteristics can be modified to fit particular 
needs through external component selection. The ML4041, 
ML4042 hasa swift Write to Read recovery time of 2IJs (l0IJS 
max) allowi ng for better format efficiency with faster access 
times. Pulse pairing of 1ns max reduces data decoding errors 
by allowing tighter specs for the clock recovery circuit. 


• Fully compatible 
with 
industry 
standard 
read data 


processor 


• Write 
to Read recovery 
time - 
4JS typical, 
10jJs max 


• Pulse pairing 
- 
1ns max 


• Data rates up to 24 megabits/second 
• Supports 
MFM 
and RLL encoded 
read data 


• 30MHz 
wide-bandwidth 
AGC amplifier 


• Fast AGC region 
for fast transient 
recover 


• Slow AGC region 
for minimum 
zero 
crossing 
distortion 


• +5V and +12V undervoltage 
fault 
detection 
(ML4042 


only) 


• Write 
to read transient 
suppression 


• Hold 
pin supports 
embedded 
servo decoding 


The ML4042 is identical to the ML4041 but in addition it 
includes a +SVand 
+12V undervoltage detector. The 
ML4041 is available in a 24-pin PDIp, 24-pin SOle, or a 28-pin 
PCe, while the ML4042 is available in a 28-pin PDIp, 28-pin 
SOle, or a 28-pin PCe. 
• 


I 
I 
L 
_ 
I 
--------' 
HYS 
'ML4042ONLY 
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ML4041, ML4042 


Ml4041 


24-Pin DIP and SOIC Package 


DIF_ 
(IN+ 


DIF+ 
23 
DIN+ 


HYS 
22 
CIN_ 


LEVEL 
21 
DIN_ 
r 


AGC 
20 
OUT- 


IN+ 
19 
OUT+ 


IN- 
18 
AGND 


HOLD 
17 
8YP 


Voo 
16 
DGNO 


CauT 
10 
1S 
00uT 


R/W 
11 
,. 
iID 


os 
12 
13 
Vcc 


TOPVIEW 


NAME 


Vcc 
VDD 
AGND 
DGND 
R{W 


IN+,IN- 
OUT+, 
OUT - 
BYP 


Ml4042 
28-Pin DIP and SOIC Package 


28 
(IN+ 


27 
DIN+ 
lEVEL 


26 
CIN- 
AGC 


2S 
VFLT 
IN+ 


2. 
DIN- 
IN- 


23 
OUT- 
HOLD 


OUT+ 
Voo 


AGNO 
CoUT 


BYP 


DGNO 


00uT 


NC 


RO 


Vcc 


TQPVIEW 


LEVEL 


AGC 


IN+ 


IN- 


HOLD 


Voo 


COUT 


HYS 


NC 
• 


LEVEl 
5 


AGC 
6 


NAME 


HYs 


RD 


VFLT 


Ml4041 
28-Pin PeC Package 


HYS 
OIF_ 
DIN+ 


NC I 
0,,+ I C'N+ I 
C,N_ 


25 
NC 


24 
DJN- 


23 
OUT- 


22 
OUT + 


21 
AGNO 


20 
BYP 


19 
rx:;ND 


FUNOION 


+SV 
+12V 
Analog Ground. 
Digital Ground. 
TIl compatible Read{Write Control 
pin. 
Analog Signal Input pins 
AGC Amplifier Output pins 
The AGC Hming capacitor CAGCis 
tied between this pin and AGND. 
TIl compatible pin that holds the 
AGC gain when pulled low. 
Reference input voltage level for the 
AGCcircuit. 
Analog input to the hysteresis 
comparator. 


R/W I 
NC 
iffi 
I OOUT 
os 
Vcc 
NC 


TOP VIEW 
Ml4042 
28-Pin PCC ~ckage 


HYS 
DIF_ 
DIN+ 
N( 
DIF+ I 
CIN+ I 
CIN- 


25 
VFLT 


24 
DIN_ 


23 
OUT- 


21 
AGND 


20 
BYP 


19 
OGND 


R/W I 
NC I 
iili I 00uT 
as 
vcc 
NC 


TOP VIEW 


FUNOION 


Input for setting hysteresislevel of the 
hysteresiscomparator. 
Provides rectified signal level for input 
to the hysteresiscomparator. 
Buffered test point for monitoring D 
input of the flip-flop. 
Analog input to the differentiator. 
External differentiating network con- 
nection pins. 
Buffered test point for monitoring the 
clock input to the flip-flop. 
Connection for read output pulse 
width setting capacitor Cos. 
TTL compatible read output. 
Undervoltage detector output, active 
low; ML4042 only. 


R/W 
HOLD 
MODE 
DESCRIPTION 


1 
1 
READ 
AGCamp sectionactive,Digitalsectionactive. 


1 
a 
HOLD 
AGCgainconstant,Digitalsectionactive. 
a 
x 
WRITE 
AGCgainmaximum, Digitalsectioninactive, 
Inputcommon mode resistancereduced. 


a 
Logiclevellow 


1 
Logiclevelhigh 
X 
Don't care 
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ABSOLUTE 
MAXIMUM 
RATINGS 


{Note 1) 


Power Supply Voltage Range 


Vcc 
-0.3 
to 6Voc 
VDD 
......................•........... 
-0.3 
to 14Voc 
Terminal Voltage Range 
R!W, IN+, 
IN-, 
HOLD 
-O.3Vto 
Vcc +O.3V 
RD 
-0.3VtoVcc+O.3Vor+12mA 


All others 
-0.3Vto 
VDD +O.3V 


Storage Temperature Range 
- 65°C to +150°C 


Junction Temperature (TJl 
+135°C 
Lead Temperature (Soldering, 10sec) ....••............ 
260°C 


ML4041, ML4042 


Supply Voltage 
Vcc 
., •...... 
5V±10% 


VDD 
...........................•....••... 
12V±10% 


V(CIN+-CIN_)' 
V(DIN+-DIN_) 
.....•...••............. 
1Vp_p 


VHYS 
1.0V 


Cas 
50 to 200pF 


Typical Component 
Values (Refer to Typical Applications) 
~ 
: 
Q~~ 
Cs 
.....................••.•................. 
0.01"F 


CoUT 
......•...............•••..•......... 
0.0047 "F 


RoUT 
...••..............• 
~ .............•...... 
400Q 
CAGCl 
............•••..... 
-........•••••...... 
220pF 


CAGC2 ............••.••..................... 
2000pF 
RAGC 
....•••................•............... 
2.21 kQ 
CLEVEL ..............•••............••••...... 
150pF 


RLEVEll .....••................••............. 
1.54 kQ 


RLEVEL2 ....•••.............................. 
6.49 kQ 
Cos 
...........•••...............•••.......... 
50pF 


ELECTRICAL CHARACTE RISTICS 
The followi 
ng specifications 
apply 
over the recom mended 
operating 
conditions 
of Vcc = 5 V ± 10%, V DD ~ 12 V ± 10%, 


O°C <TA < 70°C and external components 
as specified under operating conditions 
unless otherwise specified. (See Note 2.) 


SYMBOL 


DC Characteristics 


ICC 
Vcc Supply Current 
Outputs unloaded 
14 
mA 


IDD 
VDD Supply Current 
Outputs unloaded 
70 
mA 


PD 
Power Dissipation 
Outputs 
unloaded, 


TA=70°C 
930 
mW • 
V1H 
High Voltage 
2 
V 
-, 


V1L 
Low Voltage 
-0.3 
0.8 
V 


IIH 
High Current 
V1H-2.4V 
100 
"A 


IlL 
Low Current 
V1L-O.4V 
" 
-0.4 
mA 


Digital Outputs 
Characteristics 
(CoUT, RD) 


VOL 
Output 
Low Voltage 
IOL-4mA 


VOH 
Output 
High Voltage 
IOH~400"A 


WRITE AND 
HOLD MODE CHARACTERISTICS 


Mode Control 


tRW 
Read to Write 
1 
"s 


Transition Time 


tWR 
Write to Read Transition Time 
AGe settling not included, 
1.2 
3 
"s 


time to high input resistance 


tRH 
Read to Hold Transition Time 
1 
"s 


Write Mode 


llC 
Common 
Mode Input 
Impedance 
(both sides) 
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The followi 
ng specifications 
apply 
over the recom mended 
operati 
ng conditions 
of V cc = 5 V ± 10%, V DD - 12 V ± 10%, 


O°C';;TA';; 
70°C, 
IN + and IN - 
AC coupled, 
OUT + and OUT 
- 
differentially 
loaded 
with 
>600Q 
and each 
side loaded 
with 
<10pF 
to GND, 
C6yp-2000pF, 
OUT + and OUT 
- 
AC coupled 
to D1N+ and 
D1N- 
respectively, 
VAGc~2.2V 
unless otherwise 
specified. 
(See Note 
2.) 


SYMBOL 
PARAMETER 


READ MODE CHARACTERISICS 


AGC Amplifier 


RID 
Differential 
Input Resistance 
V(IN+_IN_I-1OOmVp.p@2.5MHz 
5 
kQ 


Cro 
Differential 
Input Capacitance 
VIIN+-IN-I 
= 100mVp.p@2.5MHz 
10 
pF 


ZIC 
Common 
Mode Input 
R/W 
pin high 
1.8 
kQ 


Impedance 
(both sides) 
R/W 
pin low 
0.25 
kQ 


AvMAX 
Maximum 
Gain 
VByp=2.6V 
83 
VIV 


AVM1N 
Minimum 
Gain 
VBYP = 6V 
2 
4 
VIV 


eN 
Input Noise Voltage 
Gain set to maximum 
30 
nV/ \fRZ 


BW 
Bandwidth 
Gain set to maximum, 
- 3 dB point 
30 
MHz 


AVos 
Maximum 
Gain and Minimum 
VBYP-2.6Vfor 
maximum 
gain 
700 
mV 


Gain AGC Amp Output 
Offset 
VBYP-5.0V 
for minimum 
gain 


Voltage Difference 


VBYPMAX 
Max Voltage at BYP Pin at 
V(0IN+-0IN_)=1.6\1, 
VAGc-3.0V 
6.0 
6.7 
V 


Minimum 
Gain 


VOP 
Maximum 
Output Voltage 
Set byVAGC 
3 
Vp.p 
Swing 


100 
OUT + to OUT - 
Pin Current 
No DC path to GND, See Note 3 
±3.2 
mA 


Ro 
Output 
Resistance 
18 
32 
Q 


Co 
Output 
Capacitance 
12 
pF 


VIP 
(DIN+-D1N_l 
Input Voltage 
30mVp,p~VIIN+_IN_)~ 
550mVp.p, 
0.37 
0.48 
0.56 
Vp.plV 
VAGC 
SWing VS AGC Input Level 
0.5 Vp.p~ V(OIN+-OIN_)~ 
1.5Vp.p 


VIP 
(DIN+-D1N_l 
Input Voltage 
30 mVp.p<VIIN +-IN _)< 550mVp.p, 
+6 
% 


Swing Variation 
AGC Fixed, over supply and temp. 


to 
Gain Decay Time 
See Figure 1a;VIN-300mVp.p 
50 
I's 


then >150mVp.pat2.5MHz, 
VOUT to 90% of final value. 


tA 
Gain Attack Time 
See Figure 1b; from Write to Read 
4 
I'S 


transition to VOUT atll0% 
of final 


value, VIN-400mVp.p@2.5MHz 


IAGCfc 
FastAGC Capacitor 
V(0IN+-0IN_I-1.6\1, 
VAGc=3.0V 
1.3 
1.5 
2.0 
mA 


Charge Current 


IAGcsc 
Slow AGC Capacitor 
VIOIN+-0IN_)=1.6\1, 
VaryVAGC until 
0.14 
0.17 
0.22 
mA 


Charge Current 
slow discharge begins 


Fastto Slow Attack 
VIOIN+-OIN_) 
1.25 
- 


Switchover 
Point 
VIOIN+-OIN_) 
Final 


IAGCO 
AGC Capacitor 
VIOIN+-OIN_I=O.OV 
Read Mode 
4.5 
f'A 


Discharge Current 
Hold Mode 
-0.2 
+0.2 
f'A 


CMRR 
CMRR (Input Referred) 
V1N+-V1N_ -100mVp.p@5MHz, 
40 
dB 
gain at maximum 


PSRR 
PSRR(Input Referred) 
Vcc orVoo-100mVp.p@5MHz, 
30 
dB 
gain at maximum 


TRK 
Write to Read Recovery Time. 
V(lN+_IN_i-1OOmVp.p@2.5MHz 
1.2 
2 
10 
I'S 


Includes AGC Settling 
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Ml4041, Ml4042 


ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions ofVcc - 5V ± 10%, VDD = 12V ± 10%, 
O°C<;;;TA<;;;70°e, IN + and IN - AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pF to GND, CBYP=2000pF, 
OUT + and OUT - AC coupled to D1N+and DIN- respectively, VAGc=2.2V 
unless otherwise 
specified. (SeeNote 2.) 


SYMBOL 
PARAMETER 


READ MODE CHARACTERISICS 
(Continued) 


Hysteresis 
Comparator 


VIP 
Input Signal Range 
1.5 
Vp_p 


RID 
Differential 
Input Resistance 
V(DIN+_DIN_I-1OOmVp_p@2.5MHz 
5 
15 
kQ 


CID 
Differential 
Input Capacitance 
V(DIN+_DIN_I-100mVp.p@2.5MHz 
6.0 
pF 


ZIC 
Common 
Mode Input 
(both sides) 
2.0 
kQ 
Impedance 


VIO 
Comparator 
Offset Voltage 
HYS pin at -0.5\1, 
'-1.5kQacross 
5 
mV 


DIN+, D1N_ 


VHYSP 
Peak Hysteresis Voltage vs HYS 
1V<VHYS<3V 
0.16 
0.21 
0.25 
VIV 


VHYS 
pin voltage (input referred) 


II 
HYS Pin Input Current 
1V<VHYS<3V 
a 
-20 
~ 


10 
LEVEL Pin Max Output 
Current 
3 
mA 


Ro 
LEVEL Pin Output 
Resistance 
ILEVEl-0.5mA 
180 
Q 


VOL 
DOUT Pin Output low Voltage 
TA-70°C 
VDD-4.0 
VDD-2.5 
V 


VOH 
DOUT Pin Output 
High Voltage 
TA-70°C 
VDD-2.2 
VDD-1.5 
V 


VLEVEL 
Level Pin Output 
Voltage vs 
0.6< IVIDIN+-DIN_II< 
1.3Vp.p 
1.5 
2.5 
VlVp_p 


VDIN 
VIDIN+-DIN_I 
10kQ from level pin to GND 
III 


VIP 
Input Signal Range 
1.5 
Vp_p 


RID 
Differential 
Input Resistance 
VICIN+_CIN_)-100mVp.p@2.5MHz 
5 
11 
kQ 


CID 
Differential 
Input Capacitance 
VICIN+_CIN_)-100mVp.p@2.5MHz 
6 
pF 


ZIC 
Common 
Mode Input 
(both sides) 
2.0 
kQ 


Impedance 


10D 
DIF+ to D1F_ Pin Current 
Differentiator 
Imped must be set so as 
±1.3 
mA 


not to clip signal at this current level 


VIO 
Comparator 
Offset Voltage 
D1F+,DIF_ AC Coupled 
5 
mV 


VOL 
CoUT Pin Output low Voltage 
0'-'oH'-0.5mA 
VDD-3 
V 


VPQ 
COUT Pin Output 
Pulse Voltage 
O'-'OH'- 
0.5 mA 
0.4 
V 


PWo 
CoUT Pin Output 
Pulse Width 
O.-IOH'- 
0.5 mA 
30 
ns 


Av 
Voltage Gain From CIN ± to 
R(DIF+to DIF_I- 2 kQ 
1.7 
2.2 
VIV 


DIF± 


VCCTH+ 
Vcc FaultThreshold + 
Vm transition from low to high 
3.8 
4.2 
4.5 
V 


VCCTH- 
Vcc Fault Threshold- 
Vm transition from high to low 
3.8 
4.1 
4.5 
V 


VDDTH+ 
VDD Fault Threshold + 
VFLTtransition from low to high 
9.6 
10.2 
10.8 
V 


VDDTH- 
VDD FaultThreshold- 
VFLTtransition from high to low 
9.6 
10.0 
10.8 
V 


VOL 
Output 
Low Voltage (Vm) 
IOL-1.6mA 
0.4 
V 


VOH 
Output 
High Voltage (Vm) 
10H--400~ 
2.7 
V 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following 
specifications 
apply 
over the recommended 
operating 
conditions 
of VCC- 5 V ± 10%, Voo 
~ 12V ± 10%, 
O°C";;TA";; 
70°C, 
V(CIN+-CIN_)~V(DIN+-DIN_C.OVp.pAC 
coupled 
sine wave at2.5MHz, 
RDIF-100Q, CDIF-65pF, 
VHys-1.8V, 


Cos-60pF, 
4kQ to Vcc and lOpFto 
GND on pin RD unless otherwise specified. 


tD1 
D-Flip-Flop Set Up Time 
Min delay from VIDIN+-DIN_I 
0 
ns 


exceeding threshold to V(DIF+-DIF_I 
reaching a peak 


tOJ 
Propagation Delay 
110 
ns 


tDs 
Output 
Data Pulse Width 
(See Note 
5) 
40 
50 
65 
ns 


Variation 
Cas 
= 60pF, TA 
= 2S0( 


tOJ-tD4 
logic Skew (Pulse Pairing) 
1 
ns 


tR 
Output 
Rise Time 
VoH-2AV 
18 
ns 


tF 
Output 
FallTime 
VOL-OAV 
14 
ns 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 


specified are measured with respect to ground. 
Note 2: 
limits are guaranteed by 100% testing, sampling, or correlation 
with worsh:ase 
test conditions. 


Note 3: AGC amplifier 
output current may be increased as in Figure 4. 


Note 4: Typicals are parametric norm at 25°C. 
Note 5: 
tDs = 830 (Cos), 50pF < Cas < 150pF 


Operating 
Modes 


The ML4041, 
ML4042 
has three 
definitive 
operation 
modes 
which 
are: Read mode, 
Write 
mode 
and Hold 
mode. 
These 
modes 
are defined 
by input 
pins HOLD 
and R/W 
as shown 


in Table 1. Read mode, 
the mode 
used normally 
for pulse 


detection, 
is assumed 
in the following 
sections 
unless other- 


wise 
noted. 


AGC Amplifier 
Section 


The purpose 
of the AGC amplifier 
is to provide 
a constant 


read signal 
level for both the level and slope detectors. 
Full 


differential 
processing 
of the read signal is used to minimize 
noise and distortion 
in the analog 
signal. 
A wide 
gain range is 
required 
due to large signal variation 
when 
moving 
the re- 


cording 
head from 
an inside to 
outside 
data track 
or varia- 


tions 
in media. 


The differential 
output 
voltage 
level Your 
from 
the AGC 
amp 


is determined 
by voltage 
VAGC present 
at pin AGe. 
Your 
is 
full wave 
rectified 
and compared 
against VAGCto create· 
charge/discharge 
current 
for capacitor 
CSYp connected 
at 


pin BYP. Voltage VSYP across CSYp controls 
the gain in the 


AGC amplifier. 


Two distinct 
values of Isyp are possible 
which 
determine 
a fast 


and slow AGC 
gain response 
attack 
rate. When 
Your 
is more 
than 
125% of the set level a high value 
of ISYp is sourced 


which 
provides 
a fast AGC attack 
rate. When 
Your 
is within 


100% to 125% of the set level a reduced 
value 
of Isyp is 
sourced 
which 
provides 
a slower 
attack 
rate. The fast-slow 
gain response 
attack 
rates provides 
for an initial 
quick 
system 


response 
and then 
minimum 
zero crossing 
distortion 
of the 
analog 
signal once 
the gain is within 
working 
range. VAGC 
should 
be set so that the differential 
input 
voltage 
V01N 
into 


the level comparator 
is 1Vp.p at nominal 
Read signal condi- 
tions. 
The AGC amp section 
gain is given 
by: 


AV2 
__ 
VSYP2 - 
VSYPl 
exp 
------ 


AV] 
5.8 
X Vr 


Where: 
AV1' AV2 are initial 
and final amplifier 
gain values 


corresponding 
to initial 
and final VSyp values. 


Vr 
~ (Kn/Q - 26mV at room 
temperature. 


The AGC amp's 
differential 
inputs 
must be AC coupled 
to the 


read amplifier 
(ML117, MLS01, 
etc.) differential 
outputs. 
Simi- 


larly, AC coupling 
must be used at the AGC amp 
outputs. 


AGC Amp 
During 
Write 
Mode- 
When 
the ML4041 
ML4042 


is put into write 
mode, 
the AGC amp's 
input 
imped~nce 
is 
. 


lowered 
to allow 
a faster dampening 
of the Write 
to Read 


transient 
from 
the head pre-amp. 
The AGC gain is also set to 


maximum 
gain so that fast AGC attack 
will 
occur 
when 
changing 
back to the Read mode. 
Internal 
device 
timing 
is 
controlled 
so that settling 
occurs 
prior 
to Read mode 
activa- 


tion. 
Minimal 
value 
input 
coupling 
capacitors 
should 
be 


chosen 
to reduce 
settling 
time, 
however, 
bandwidth 
require- 


ments 
also need to be considered. 
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AGC Amp During Hold Mode- 
During 
the Hold 
mode, 
the 
charge/discharge 
current 
driving 
pin BYP is internally 
discon- 
neded. 
AGC compensation 
capacitor 
CAGe will then 
hold 
the present 
gain setting. 
The amplitude 
of VOUT will 
therefore 
not affect the AGC 
gain and gain will 
remain 
constant. 


Hold 
mode 
is used so that AGC gain will 
not be adjusted 
when 
embedded 
servo information 
is read. This prevents 
loosing 
the pulse 
peak amplitude 
information 
needed 
during 
position 
decoding, 
or creating 
additional 
gain settling 
time 
when 
again 
reading 
data. 
Embedded 
servo pulses are nor- 
mallytaken 
at outputs 
DIF- 
and DIF+' as shown 
in the typical 


appl ication. 


External Filter Network 


Filtering 
for the level and slope 
detectors 
can be performed 


with 
a single filter 
or two 
separate 
filters. 
If separate 
filters 
are 
used, care must be used to insure that time 
delays 
are 
matched. 
A multi-pole 
Bessell filter 
is recommended 
due to 
the group 
delay 
and linear 
phase characteristics. 


Level Detedor 


The full wave 
rectified 
VOUT is buffered 
and available 
at pin 


LEVEL. The level detector 
uses a hysteresis 
comparator 
to 
compare 
the processed 
read signal amplitude 
against 
a refer- 


ence voltage 
derived 
from 
voltage 
VLEVELoutput 
from 
pin 


LEVEL. Using 
VLEVEL provides 
a feed-forward 
fundion 
that 


allows 
valid 
level detection 
to be performed 
prior 
to AGC 
amp 
gain settling. 
The level detector 
hyst~resis 
value 
is set in 


a way that will 
only 
allow 
relatively 
large read pulse peaks 
(negative 
or positive) 
to be detected. 


Slope Detedor 


The slope 
detector 
uses an external 
readive 
component 
network 
to produce 
a voltage 
signal 
proportional 
to the differ- 
ential 
of the read signal. 
By using a hysteresis 
comparator 
to 
detect 
zero slope 
of the read signal, the time 
occurrence 
of positive 
or negative 
read pulse 
peak values can be 
determined. 


An external 
readive 
network, 
shown 
in the Typical 
Applica- 
tion, 
is used between 
the DIF+ and DIF- 
pins to provide 
the 
differential 
function 
given 
by: 


-2000cs 
Av 
= --------- 


LCs2 + (R + 92) Cs + 1 


Where: 
C = External 
capacitor 
(20 pF to 150 pF) 
L = External 
inductor 


R = External 
resistor 
s = jw - 
j2nf 


Ml4041, Ml4042 


Output lDgic 


The output 
logic 
provides 
a negative 
TIL 
pulse at pin RD 
which 
begins at the peak of a valid 
read pulse, 
as shown 
below. 


Pin R/W 
must be high for the output 
logic to be active. 
The 
key element 
in the output 
logic is the D flip-flop. 
The flip-flop 


is clocked 
by the slope detector 
at the time 
of a zero crossing, 


which 
loads data from 
level detector. 
The flip-flop 
inputs 
only 
change 
state when 
the level detector 
detects 
a peak ampli- 


tude 
of a polarity 
opposite 
to the previous 
valid 
peak. Thus, 


through 
the output 
logic the slope detector 
determines 
out- 
put timing 
and the level detector 
determines 
pulse validity. 


Layout Considerations 


As with 
any high gain, wide 
bandwidth 
analog 
circuitry, 
care 


needs to be exercised 
in PC layout. 
Power supply 
and ground 


lines should 
be bypassed 
and well 
isolated 
from 
other 
cir- 
cuitry. 
A ground 
plane 
is recommended, 
as is keeping 
analog 


lines short and well 
balanced 
to prevent 
interadion 
with 


nearby 
circuitry 
in the disk drive. 
• 
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PART NUMBER 


ML4041CP 
ML4041CQ 
ML4041C5 
ML4042CP 
ML4042CQ 
ML4042C5 


TEMP. 
RANGE 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


PACKAGE 


MOLDED 
DIP (P24) 


MOLDED 
PCC (Q28) 


MOLDED 50IC 
(524) 


MOLDED 
DIP (P28) 
MOLDED ·PCC (Q28) 
MOLDED 
50IC 
(528) 
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• 


Servo Demodulator 


The ML4401 provides all of the analog circuitry necessary for 
the demodulation 
of di-bit servo signal information in 


Winchester disk drives. It interfaces to the servo head preamp 
and provides quadrature position signal outputs for the servo 
controller circuitry. 


The ML4401 includes a high-performance 592-type input 
amplifier and differential AGC circuit. External logic is de- 
signed to meet the needs of the particular servo system utiliz- 
ing the vca and Charge Pump to create a PLL time basefor 
Peak Detector gating. The SYNC output provides servo chan- 
nel timing information forthe 
logic. 


The ML4401 when 
combined 
with the ML4402, 


ML4406/07108 
Servo Driver, the ML4403, ML4413 Servo 


Controller 
and the ML4404 Trajectory Generator, 
provides 
a flexible 
closed-loop 
servo control 
system. 


• Combines 
all analog di-bit demodulation 
circuitry 


• Logic track-type 
switching 
can be used to minimize 


demodulator 
offset 


• Exponential 
AGC characteristics 
makes AGC settling 


independent 
of input step size 
• External loop compensation 
of analog blocks 


• External digital circuitry 
allows flexible 
pattern format 


• On-ehip 
band gap voltage reference eliminates 
exter- 
nal referencing 


• Operates from 12V power supply 
• Compatible 
with 
Micro 
Linear's 
ML4403, 
ML4413 
Servo 
Controller, 
ML4402, 
ML4406/07108 
Servo 


Driver 
and 
ML4404 
Trajectory 
Generator 


VCO 
Rv 
OUT 


1--- -----vcoj 


VOTn: 
+ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


5VCONI 
I 
L 
...J 


SYNC 
I 


SEPARATOR 
I 


VR" I 
I 
I 
I 
II 


19 20 21 22 
IS 16 17 18 
12341234 


GATE 
CAP 
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Micro Linear 


ML4401 28-Pin DIP 


(Prototypes Only) 


FINC 
FDEC 


\lCOl 
POS8 


\lCOI 
POSA 


\lCOP 
SYNC 


\ICON 
Coc 


vee 
TP 


VREF 
GATE4 


GND 
GATE3 


V/ICC 
GATE2 


CAGe 
10 
19 
GATE1 


GAIN1 
11 
18 
CAP4 


INX 
12 
17 
CAP3 


INY 
13 
16 
CAP2 


GAIN2 
14 
15 
CAP! 


TOPVIEW 


\lCOP 
\lCOL 
FDEC 
POSA 
I \lCOI I FINC I POS8 I 


321282726 


\ICON 
25 
SYNC 


Vee 
24 
Coc 


V~ 
n 
W 


GND 
22 
GATE4 


V/ICC 
21 
GATE3 


C/ICC 
20 
GATE2 


GAINI 
19 
GATEI 


12 
13 
14 
15 
16 
17 
18 


I 
INY I CAP! I CAP3 I 
INX 
GAIN2 
CAP2 
CAP4 


TOPVIEW 


PIN# 
NAME 
FUNGION 
PIN# 
NAME 
FUNGION 
• 


FINC 
Charge pump frequency incre- 
15 
CAP1 
Peakdetector 1capacitor terminal. 


ment input (TIL). 
16 
CAP2 
Peakdetector 2 capacitor terminal. 


2 
VCOL 
PLl loop compensation terminal. 
17 
CAP3 
Peakdetector 3 capacitor terminal. 


3 
VCOI 
VCO high impedance input. 
18 
CAP4 
Peakdetector 4 capacitor terminal. 


4 
VCOP 
VCO positive output, for capaci- 
19 
GATE1 
Peakdetector 1gate input (TIl) 


tive feedback to VCOI. 
high enabled, low disabled. 
5 
VCON 
VCO negative output, drives resist- 
20 
GATE2 
Peakdetector 2 gate input (TIL) 


ance feedback to VCOI, also pro- 
high enabled, low disabled. 


vides ECl output on Ml4401 and 
21 
GATE3 
Peakdetector 3 gate input (TIL) 


TIl 
output on Ml441l. 
high enabled, low disabled. 


6 
VCC 
+12Vsupply. 
22 
GATE4 
Peakdetector 4 gate input (TIll 
7 
VREF 
Voltage reference output (+5 V). 
high enabled, low disabled. 


8 
GND 
Ground. 
23 
TP 
Composite test point, normally left 


9 
VAGC 
AGC gain reference voltage input. 
unconnected. 
10 
CAGC 
External capacitor terminal to set 
24 
CDC 
External capacitor terminal to set 
AGC response. 
DC restore response. 


11 
GAlN1 
Input amplifier gain adjusting RC 
25 
SYNC 
SYNC pulse output (TIL). 
terminall. 
26 
POSA 
Position output A. 


12 
INX 
X input into input amplifier. 
27 
POSB 
Position output B. 
13 
INY 
Y input into input amplifier. 
28 
FDEC 
Charge pump frequency decre- 
14 
GAlN2 
Input amplifier gain adjusting RC 
ment input (TIL). 
terminal 2. 


'Micro 
Linear 


Absolute maximum 
ratings are those values beyond which the 
device could be permanently 
damaged. Absolute maximum 
ratings 


are stress ratings only and functional 
device operation 
is not implied. 


Power 
Supply 
Voltage, 
Vcc 
14V 
Input 
Voltages: 
GAIN1, 
GAIN2 
.................•...•...•....... 
-0.3 
to 
BV 


CAGC 
..............................•......... 
-0.3 to 7.0V 
VAGC 
-0.3 to 5.3V 


CAP1, CAP2, CAP3, CAP4 
3.0 to 10V 


GATE1, GATE2, GATE3, GATE4, VCOP 
-0.3 
to 7.5V 
INX, INY, VCON, 
VCOI, 
FINC, 
FDEC, CDC 


. . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. 
-0.3 to Vcc +O.3V 
aJA for 
2B-Pin 
Plastic 
Dip 
§60°C/Watl 
aJA for 
2B-Pin 
PLCC 
..............•...•.......... 
60°C/Watl 


Storage 
Temperature 
Range 
-65°C 
to 150°C 
Junction 
Tempearture 
(TJMAX) 
150°C 
Lead Temperature 
(Soldering, 
10sec) 
............•.... 
260°C 


Temperature Range 
0° C to 70° C 
Supply Voltage (Vccl 
12Voc ±10% 


Input Coupling 
Capacitance 
(Ci) ......••............. 
O.OlI'F 


Input Amp Gain Capacitance 
(Cel 
0.0471'F 


Input Amp Gain Resistance (Rcl 
.. 
. . . .. 
1kQ 
AGC Response Compensation 
Capacitance 
(CA) 
0.0821'F 
Composite 
DC Restore Capacitance 
(CD) 
O.OlI'F 
PLL Compensation 
Components: 
CcPl 
. 


CCP2 
.....................•••.•........•..•. 


Rcp. 
. ........• 
h 
•••••.... 


PLL Gain Components: 
Rv 
RL1.RL2 


Peak Detector Capacitance 
(CAP1 thru CAP4) 


SYNC Output 
Pull-Up Resistor (to 5V) 
.. 


On track Base-to-Peak Voltage at pin TP 
VGA Gain Control Voltage (at pin CAGC) 


1000n 


......... 
1000n 


. . . . • • • . . .. 
270pF 
... 
. ... 
. .. 
3.3k 


....•..... 
1.75V 
0.65 


ELECTRICAL 
CHARACTE 
RISTICS 


The following 
specifications 
apply 
over the recommended 
operating 
conditions 
ofTA ~O to 70° C, VCC ~ 10.8 to 13.2\1, 


VVAGC- 
S.OV, and external 
components 
as recommended 
above, 
unless otherwise 
specified 
(See Note 
1.) 


SYMBOL 
PARAMETER 
CONDITIONS 


Power Supply 


Icc 
~pplYCurrent 
I_V_c_c_-_l_2_V 
8_1 
1_1O 
m_A__ 


TTL Inputs FINC, FDEC, GATE1, GATE2, GATE3, GATE4 


V1H 
High Level Input Voltage 
2.0 
V 


V1L 
Low Level Input Voltage 
0.8 
V 


IIH 
High Level Input Current 
V1H-2AV 
-1 
30 
I'A 


IlL 
Low Level Input Current 
VIL-OAV 
" 
-20 
1 
~ 


VOL 
Low Level Output Voltage 
IOL-1.6mA 
0 
0.3 
0.5 
V 


VTHR 
Positive going input threshold 


" 
VREF+0.9 
V 


VTHF 
Negative going input threshold 
' VREF 
V 


tpD± 
Propagation Delay Rising, 
RL-2k, 
CL-15pF 
SO 
ns 


Falling 


YCOP Output 
ML4401 (TA= 25° 0 


VOH 
High Level Output 
Voltage 


VOL 
Low Level Output 
Voltage 


YCoP Output 
ML4411 


VOH 
High Level Output Voltage 


VOL 
Low Level Output Voltage 


YCO and Charge Pump Section 


RL-lkQ 


RL-lkQ 


'OH-50~ 


IOL-1.6mA 


IB1AS 
Vco1lnput 
Bias Current 
0 
25 
50 
~ 


ICH' 'DIS 
VCOL Charge and Discharge 
495 
660 
825 
I'A 


Current 


ICHIIDIS 
VCOL Charge/Discharge 
Ratio 
0.95 
1.00 
1.05 
~/I'A 


IOFF 
VeOL OFF State Current 
FINC-2.0 
0 
25 
50 
nA 


FDEC-0.8 
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ELECTRICAL CHARAOE 
RISTICS 
(Continued) 


The following 
specifications 
apply 
over the recommended 
operating 
conditions 
ofTA =0 to 700 C, VCC = 10.8 to 13.2\1, 
VAGC= 5.0\1, and external 
components 
as recommended 
above, 
unless specified 
(See Note 
1.) 


SYMBOL 
PARAMETER 


VCO and Charge Pump Section (Continued) 


FMAX 
MAX VCO Frequency to Main- 
30 
MHz 
tain + and - 
5% Control 


Range Note 4 


Fvco 
VCO Frequency Range 
TA = 25°C, Vcc 
= 12, VCOL = 6V 
9.7 
10.0 
10.3 
MHz 
Note 4 
Cv = 1000pF, 
Rv = 6040 
I 


Kvco 
VCO Voltage to Frequency 
2 
%IV 
Factor 


R1N 
INX, INY Differential 
Input 
7.5 
10 
20 
kQ 
Resistance 


IGAIN1.2 
GAIN1, GAIN2 Bias Current 
0.66 
1.0 
1.20 
mA 


IB1AS 
VAGCInput Bias Current 
0 
5 
20 
/AA 


GMAGC 
AGC Transconductance 
at 
370 
/AMHOS 
CAGC 


RAGc 
Control 
Range of AGC Loop to 
7/1 
VIV 
Regulate Composite Amplitude 
to within 
2% of Nominal 


BW 
Bandwidth 
from INX, INYto 
10 
15 
MHz 
Composite 
Note 4 
~. 


GMDCR 
DC Restore Transconductance 
200 
/AMHOS 


ICH 
Charge Current 
•... 
' 
12.7 
mA 


1015 
Discharge Current 
TA-25°C 
25 
45 
60 
/AA 


Tc01s 
Tempco of '015 
-0.17 


, 


/AA/oC 
. 
• 


VREF 
Reference Voltage 
TA~25°C 
4.85 
5.10 
5.35 
V 


TC 
Tempco 
. 
50 
ppm/oC 


RoUT 
Load Regulation 
'. 
2 
mV/mA 


PSRR 
Line Regulation 
10, 
mVIV 


IS1NK 
Maximum 
SINK Current 
0.8 
mA 


Vos 
Input Offset 
VcAPl-4-6V 
'-10 
0 
10 
mV 


Av 
Gain 
1.23 
1.28 
1.33 
VIV 


AVA/AvB 
Gain Tracking 
-3 
0 
+3 
% 


VOUT 
Output Voltage Range 
. 
.' 
1.0 
9.5 
V 
. 


ISRC 
Output 
Source Current 
5 
mA 


ISNK 
Output 
Sink Current 
2 
mA 


SR 
Slew Rate 
2.5 
V/IJS 


BW 
3 dB Gain Bandwidth 
3 
MHz 


Note 1: O°C to 70°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% testing, sampling, pr 
correlation 
with worst-case test conditions. 


Note 2: Typicals are parametric 
norm at 25°C. 


Note 3: 
Pin 25 is an open collector output which should not exceed 7 volts in the high state. 


Note 4: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 
APPLICATION 
HINTS 
Using a nominal on-track servo signal, amplitude 
adjustment should be made as follows: 


1. Set composite 
signal amplitude, 
measured at pin Tp, by adjusting voltage at pin VAGC(approximately 
4.7 volts). The composite 
signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 
" 


2. Adjust Rg so that the VGA is in mid-range. This is determined 
by measuring the voltage at pin CAGC;it should be approximately 
0.9 volts. CAGCvoltage will vary approximately 
±0.5 volts over the AGC range . 


• ~ Micro Linear 


Input Amplifier 
The input amplifier is equivalent to a wide-band 592 type 
video amplifier and provides amplification and buffering to 
the AGC circuitry. The Inputs INX and INY, which must be 
AC coupled, accept the composite analog signal from the 
servo head differential preamplifier. Internal input termina- 
tion resistorseliminate the need for external bias resistors. 
Prefiltering of the signal is normaly desired to eliminate un- 
wanted components. External components RGand CG deter- 
mine the input amplifier's low frequency cutoff and gain as 
follows: 


FC _ ------- 
Ay 
_ 
1700 


2n <Rc + 6OQ) CG 
Rc + 60Q 


Where: 
CG 
External seriescapacitance between pins 
GAIN1 and GAIN2 
RG 
External series resistance between pins 
GAIN1 and GAIN2 


Automatic Gain Control (AGO 
The purpose of the AGC loop is to maintain a constant peak 
output voltage level at outputs POSA and POSB.This peak 
level is established by the reference voltage applied to pin 
VAGC· 


Vpop(Composite)= K1 X 
VAGC + K2 
Where: 
K1 
~ 
0.65 
K2 
- 
0.41V 


In this closed-loop system, the peak detector output voltages 
are fed back and combined with the VAGCvoltage to provide 
a gain control current. The current controls the variable gain 
amplifier (VGA) and is compensated at pin CAGCto provide 
control of AGC bandwidth. The bandwidth of the entire AGC 
loop is determined by: 


BW 
= 
K VYAGC 
2n CA 
Where: 
K 
- 
4.3 X 10-4 


VYAGC - 
External reference voltage at pin VAGC 
CA 
External capacitance at pin CAGC 


Optimum 
system stability isachieved by deriving VYAGCfrom 
the VREFoutput using a resistive divider. 


Composite Amplifier 
The input amplifier and AGC circuit of the ML4401 operate in 
a differential signal mode to provide good common mode 
and power supply rejection. The composite amplifier con- 
verts the differential signal into a buffered single-ended signal 
for the peak detector circuitry. The DC base line of the com- 
posite signal is equal to VREF. The bandwidth of the DC 
restore function is controlled by capacitor Co at pin CDCwith 
the following relationship: 


BW 
~ 
2n 
CD 


Where: 
gm 
l/S kQ 


CD 
External capacitance at pin CDC 


The composite signal is available at pin TP and is normally left 
unconnected. For short circuit protection a 425Q resistor is 
connected in serieswith pin TP internally. 


The SYNC pulse separator is a threshold comparator with 
hysteresiswhich passespulses from the composite amplifier 
above a setthreshold. It provides a buffered open collector 
TIL output. The SYNC output, when gated through an exter- 
nal one-shot, is used to control the external gate timing and 
PLLlogic. 


Peak Detector 
The peak detector circuit captures the peak signal amplitude 
of the di-bit pulses. The gates are controlled by inputs GATE1 
through GATE4.Timing is established by the external logic 
circuitry. The external peak detector capacitors are con- 
nected from pins CAP1through CAP4 to ground. The peak 
detector discharge rate (set by CAP1-CAP4)determines the 
maximum track crossing rate during an accessoperation. The 
performance of this block can be enhanced by using the 
velocity output of the ML4403, ML4413 to create a velocity 
proportional discharge. The peak detector outputs are fed 
into internal differential amplifiers that calculate the track 
error signals and provide buffered outputs POSA and POSB 
asfollows: 


POSA - 
1.25 (CAP1-CAP2) 
+ VREF 
POSB = 1.25 (CAP3-CAP4) 
+ VREF 


Voltage Controlled Oscillator and Charge Pump 
The VCO and external phase compare logic provide a time 
basefor peak detector gate sychronization. 
Inputs FINC and 
FDECprovide increment and decrement signals to the charge 
pump for changing the oscillator frequency. The FINC and 
FDECinputs gate the charge pump for the duration of the 
pulse width. The RCtiming network formed by Cy and Ryat 
pins VCOI, VCON, and VCOP control the oscillators center 
frequency. (SeeTypical Performance Characteristics) 


Ry should be greater than 330Q. Too low of a value will result 
in excessive power dissipation. RLl, RL2 and Ry should be 
approximately equal, although the values of RL1and RL2do 
not require accuracy. 


The VCO output should only be taken from pin VCON. 
Charge pump capacitor CCPlisconnected from pin VCOL to 
ground. Components Rcpand CCP2are also connected in 
seriesfrom pin VCOL to ground to provide VCO loop com- 
pensation. 


Internal Voltage Reference 
VREFisan internal band-gap voltage reference. It is buffered 
and available at pin VREFand is used by the ML4402, 
ML4403, ML4404 and other chips requiring a 5volt refer- 
ence. 


External Logic 
The external logic provided by the user typically has a com- 
plexity of about 150to 300 equivalent gates. Complexity and 
architecture depends on the usersdi-bit pattern and control 
function. 


Note: Stray capacitance should be considered in applying the 
above relationships when low capacitor values are used. 
Stray capacitance of the integrated circuit terminal istypically 
about 2 to 3 pF. 


'Micro 
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;\ 
\ 
\ 
Ry 
=604 
- 


TA 
= 25°C- 
Vcc = 12V - 


r-.. 


......• 


.••... 


1'-_ 


100 


Cv (pF) 


F 
= 2.5MHz 
Cc = 0.047I'F 
Rc 
= 
750Q 
TA = 25°C 


0.8 
1.2 


VCAGC (Volts) 


PART NUMBER 


ML4401CP 
ML4401YCQ 


TEMP. RANGE 


O°C to +70°C 
O°C to +70°C 


PACKAGE 


MOLDED 
DIP (P28) 
MOLDED 
PCC (Q28) 


• 
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'Micro 
Linear 
ML4402 


Servo Driver 


• Low differential 
input offset voltage 


• Contains all control 
circuitry 
necessary to drive an 


external transistor bridge 


• Differential 
amplifiers 
internally 
compensated 


• Unique 
disable function 
interrupts 
actuator 
current 
. 


• Programmable 
dual supply low voltage detector 


• Single +12 V power supply 


• Compatible 
with 
Micro 
Linear's 
ML4401/4431 


Servo 
Demodulator, 
ML4403, 
ML4413 Servo 


Controller 
and ML4404 
Trajectory 
Generator 
chips 


The ML4402 Servo Driver contains all of the control circuitry 
necessaryto drive the head positioning actuator of a hard or 
rigid disk drive system. It receives the error signal generated 
from a servo controller circuit, such asthe ML4403, ML4413, . 
and drives an external transistor bridge which controls the 
head positioning voice coil actuator. The ML4402 output 
control circuitry includes current sense inputs to provide 
closed-loop control of actual actuator current. By uSingan 
external power transistor bridge, flexible thermal and spaCe 
management is allowed as well astransistor selection which 
enables a wide application range.. 


Included in the device is a unique disable function which 
permits interruption of actuator current. During a disable, the 
output control amplifiers are shut down which cuts off all 
current to the external transistor bridge. Disable can be acti- 
vated by a logic high into pin DIS or by the on-board low- 
voltage detector. Use of the low-voltage disable function 
prevents actuator response to a false error signal during a 
power failure. The low voltage detector can monitor up to 
two power supplies and has user definable low voltage trigger 
levels. 


The ML4402, when combined 
with the ML4401/4431 


Servo Demodulator, 
the ML4403, ML4413 Analog Servo 


Controller 
and the ML4404 Trajectory Generator, provides 


a flexible high-performance 
head positioning 
servo 


system. 


The ML4402-1 and ML4402-2 differ in offset voltage at the 
differential error signal inputs which isa result of the manu- 
facturing trim process. 


'-Micro 
Linear 


PIN CONNEOIONS 


VINY 
GND 


VINX 
CMPl 


REFA 
SGND 


VCC 
51 


VAll 
E1 


PS1 
C1 


PS2 
E2 


PSF 
C2 


DI5 
52 


RETR 
CMP2 


20-PIN 
PLCC Package 


VINX 
GND 
REFA 
I 
VINY 
I CMPl 


3 
2 
1 
20 
vcc 
SGND 


VAll 
51 


PS1 
El 


PS2 
C1 


PSF 
E2 
9 
10 
11 
12 


DI5 
ICMP21 
C2 


RETR 
52 


TOP VIEW 


Inverting input for error voltage 
signal. Used asa reference voltage 
(analog ground) input when using 
a single ended output from the 
ML4403 Servo Controller. Ob- 
tained from the VREF output of the 
ML4401 Servo Demodulator. 
Non-inverting input for error 
voltage signal. Used asthe signal 
input pin when using a single 
ended output from the ML4403. 
Reference pin for low voltage 
comparator. 
+12V power supply pin. 
Optional 
+5 V power supply pin to 


keep the PSFpin operating if Vcc 
fails. With VALl at +5 V, the PSFpin 
will go low if Vcc goes to zero, or 
too low to operate the comparator. 
Voltage input for low voltage 
comparator. 
Voltage input for low voltage 
comparator. 
Power supply failure indication, is 
an open collector output of com- 
parator. Logic low indicates PS1 
and/or PS2voltage hasgone be- 
low REFA. 
Amplifier Disable pin. ITL input 
that disables both amplifiers with a 
logic high. 
Return spring output, clamped 
open collector output, opposite 
logic polarity as pin PSF.Used to 
drive optional safety circuitry. 


PIN# 


11 


NAME 


CMP2 


FUNCTION 


Comp~nsation node of AMP2 
used to add additional compensa- 
tion; the device is manufactured 
with approximately 27 pF of inter- 
nal compensation. 


Bandwidth Effects: 


f- 
gm 


2rr (C+27pF) 


Slew RateEffects: 


. 
SR= 
20I-lA 


C+27pF 


Where: 
gm = 150l-lmhos 
C = External Compensation 
Capacitor CCMPl 
orCCMP2 
Current sense input for AMP2. 
Collector of output transistor of 
AMP2. 
Emitter of output transistor of 
AMP2. 
Collector of output transistor of 
AMP1. 
Emitter of output transistor of 
AMP1. 
Current sense input for AMP1. 
Reference ground for 51, 52 
feedback. 
Compensation node of AMP1, 
used to add additional compensa- 
tion. The device is manufactured 
with approximately 27 pF of inter- 
nal compensation. Bandwidth and 
Slew Rateeffects are the same as 
the CMP2 pin. 
Ground . 


III 


12 
52 
13 
C2 


14 
E2 


15 
C1 


16 
E1 


17 
51 
18 
SGND 


19 
CMP1 
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ABSOLUTE MAXIMUM 
RATINGS 


Absolute maximum 
ratings are those values beyond which the 
device could be permanently 
damaged. Absolute maximum 
ratings 
are stress ratings only and functional 
device operation 
is not implied. 


Power5upplyVoltage(Vccl 
. 
14V 
Terminal Voltage Range 


(VINX,VINY,VAlT' PS1,PS2, REFA,D15) 
..... 
-0.3 
to Vcc+O.3V 
51,52 
. . . . . . . . . . . . . . . . . .. 
7V 
Terminal Input Current (CMP1, CMP2) 
. ... 
. .... 
O.lmA 
Storage Temperature Range 
... 
. ....••... 
- 65° C to +150° C 
Junction Temperature (TJ) 
.125° C 
Lead Temperature (Soldering, 10sec) 
260°C 


Supply Voltage 
Vcc 
. 


VAlT 
.. 


Typical Component 
Values (Refer to Typical Application) 


~ 
4roQ 
RoB 
........•................ 
. . . . . . . . . . . 
240Q 
Roc 
.. 
. . . . . • • . . . . . . 
. . . . • • . • . . . . . . . . . . . 
150Q 
Roo 
..... 
.. 
0.5Q 


ElEORICAl 
CHARACTERISTICS 


The following 
specifications 
apply 
over the recommended 
operating 
conditions 
of Vcc= 
10.8V to 13.2 V, VINY = 5 V, TA ~O to 
70° C, and external 
components 
as shown 
above 
unless otherwise 
specified 
(See Note 
1). 


Outputs unloaded, 
Pin REFAopen 


Vcc-GND 


SYMBOL 
PARAMETER 


Power Supply 


Icc 
Vcc Supply Current 


100 
VAlT Supply Current 


Amplifier 
Characteristics 


AVI 
Voltage Gain at Pin 51, 
V1Nx-5.1 and 6V 
VS1!(VINX- VINY); 
V1Ny-5.0V 
0.342 
0.352 
0.362 
VIV 


Applies when V1NX> V1NY 


AV2 
Voltage Gain at Pin 52, 
V1Nx=4.9and4V 
VS2!(VINY- VINX); 
V1Ny-5.0V 
0.342 
0.352 
0.362 
VIV 


Applies when VINY> VINX 


eAV 
Gain Linearity Error 
(AVI-AV2!0.5(Avi 
+AV2) 
-2 
0 
2 
% 


Vas 
VINX, VINY Input Offset Voltage 
Vas defined where 
-10 
+10 
mV 


with Respect to Either Pin 51or 
AVI or AV2>0.16 
Pin 52 
TA_25°C 


Vas OIFF 
Differential 
VOS1-VOS2 


I 


ML4402-1 
-5 
+5 
mV 


Input Offset 
TA=25°C 
ML4402-2 
-10 
+10 


Tcvos 
Offset Voltage Tempco 
15 
"V!OC 


Vs 
Voltage Swing Range of Pin 51, 
VS1;V1NX- 6.7V 
0.5 
0.65 
V 


52 Above Ground 
VS2;V1Nx-3.3V 


IVR 
Input Voltage Range into V1NX 
3.3 
10 
V 
andVINy 


'IBI 
Input Bias Current, V1NXand 
0 
10 
75 
!JA 


VINY 


IIB2 
Input Bias Current, Pin 51 or 52 
Vs" Vs2-GND 
-1.6 
-1.2 
-0.8 
mA 
(sourcing) 


PSRR 
Power Supply Rejection 
60 
dB 


CMRR 
Common 
Mode Rejection 
Ratio 
80 
dB 


GBP 
Gain Bandwidth 
Product 
CcMPU-O 
0.83 
MHz 


5R 
Slew Rate 
CcMPI,2-0 
0.74 
V!,,5 


Output 
Transistor Characteristics 


'OUT 
Output 
Current; 'Cl' lEI, 'Cl' IE2 
VINX- V1NY- +1V 
Vcl, VCl=3V; 
VEl, VE2~0.7V 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
The following 
specifications 
apply 
over the recommended 
operating 
conditions 
of Vcc= 
10.BV to 13.2 V, VINY = 5 V, TA-a to 


70° C, and external 
components 
as shown 
unless otherwise 
specified 
(See Note 
1). 


PSMIN 
Minimum 
Allowable 
Vcc 
Where VREF>2.48V 
4.75 
V 
Voltage 
- 


VREF 
VREFVoltage 
TJ~25°C 
2.44 
2.55 
2.66 
V 


TREG 
VREFThermal Stability 
Over Specified Range 
SO 
ppm/oC 


RREF 
RREFResistance 
(Internal Resistor from VREFto Pin REFA) 
2.55 
kQ 


Vas 
Input Offset Voltage, any Two 
-30 
5 
30 
mV 


Inputs 


IIN 
Input Bias Current 
-0.5 
-0.1 
0 
JJA 


VOL 
PSFLogic 0 Voltage 
IOL-1.6mA 
0 
0.2 
004 
V 


VOL 
RETR Logic 0 Voltage 
ISINK-3mA 
0 
0.5 
1 
V 


IOH 
PSFLogic 1 Leakage Cu rrent 
VpsF~5V 
-10 
0.2 
10 
JJA 


IOH 
RETR Logic 1 Leakage Current 
VRETR-2V 
-20 
0.05 
20 
JJA 


VIH 
DIS Logic High Voltage 
2.0 
V 


IIH 
DIS Logic High Current 
VIH-204V 
I 
-20 
20 
JJA 


VIL 
DIS Logic Low Voltage 
0.8 
V 


IlL 
DIS Logic Low Current 
VIL-Oo4V 
-20 
20 
JJA 


Note 1: 00 C to 700 C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% testing, sampling, or by 


correlation 
with worst-case test conditions. 


Note 2: Typicals are parametric 
norm at 250 C. 
• 
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i-----:;:uv----, 


I 
I 
I 


PART NUMBER 
TEMP. RANGE 
PACKAGE 
COMMENTS 


ML4402-1CP 
O°C to +70°C 
MOLDED 
DIP (P20) 
Input Offset = ±5mV 


ML4402-1CQ 
O°C to +70°C 
MOLDED 
PCC (Q20) 
Input Offset = ±5mV 


ML4402-2CP 
O°C to +70°C 
MOLDED 
DIP (P20) 
Input Offset = ±10mV 


ML4402-2CQ 
O°C to +70°C 
MOLDED 
PCC (Q20) 
Input Offset = ±10mV 
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'-Micro 
Linear 
ML4403, ML4413 


Servo Controller 


The ML4403/ 4413 Servo Controller provides analog circuitry 
used in high performance trajectory and pOsition control 
system for disk drive transducer heads. As a part of a head 
positioning servo system, this bipolar monolithic chip is de- 
signed to accept quadrature position signals and generate a 
servo error signal. While designed for minimum track access 
time, the ML4403/ 4413 supports a wide range of system 
designs. 


Trajectory control functions include a track crossing detector, 
a velocity signal generator, and a velocity event detector. 
System stability and short settling time is insured by the inter- 
polator function, which generates a ramp signal used to 
smooth the external position DAC output. 


Position control 
is provided 
by a signal error amplifier 


within 
the device. When used with the ML4401/4431 


Servo Position Demodulator, 
the track selection is 
performed 
by ML440114431peak detector timing. This 
selection 
method eliminates track to track voltage offset 


problems 
and allows minimum 
track spacing. The ML4413 


• Interpolate 
function 
smooths trajectory 
curve 


• Flexible architecture 
allows user defined 
loop response 


• Provides minimum 
track access time and maximum 


track density 
• Single +12V power supply 
• Compatible 
with 
ML4401 
Servo 
Demodulator, 


ML4402, 
ML4406/07108 
Servo 
Driver 
and 
ML4404 


Trajectory 
Generator 


has a discharge function 
that enables zeroing of the 
external error amplifier compensation. 
This feature 


further 
reduces position settling time. An on-board 
on-track detector 
is provided which 
is used as a safety 
alarm by the controller 
for an off-track condition. 


The ML4403/4413 Servo Controller, 
when combined 
with 
the ML4401 Servo Demodulator, 
the ML4402, 


ML4406/07/08 Servo Driver and the ML4404 Trajectory 
Generator 
provides a flexible closed-loop 
servo control 
system. 
• 


POSITION 
FILL-IN 
INTERPOLATOR 


POSI 


'CDlS 
-DIS 


'Micro 
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Ml4403 
20·PIN DIP (Prototypes 
only) 
Ml4403 
2o-PIN PlCC 


DECO 
DIN 
MODE 
DIN 
fill 
I DECO I VElE 
MODE 
VElE 


VElC 
1 
20 
Fill 
POSA 
VElC 


POSA 
POSI 
POSH 
POSI 


POSH 
CMPO 
GND 
CMPO 
GND 
EVO 
Vcc 
EVO 
Vcc 
VR 
TRIO( 
VR 


TRIO( 
VEla 
9 
10 
11 
12 


Tea 
DIFH 
Tea 
I 
DIFA I VElO 


Tel 
DIFA 
TO 
DIFH 


TOP VIEW 
TOP VIEW 


Ml4413 
24-PIN SKINNY DIP (Prototypes only) 


DECO 
24 
DIN 


MODE 
23 
VElE 


Fill 
22 
VElC 


POSA 
21 
POSI 


POSH 
20 
CDiS 


CMP2 
19 
CMPO 
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PIN DESCRIPTION 


Ml4403 
DIP and 
ML4413 
PlCC 
DIP PlCC 
NAME 
FUNalON 


1 
DECO 
Digital output from the velocity event detector. In application, this output goes 
to a logic high when the actual actuator velocity reaches the trajectory curve. It 
remains high through the "braking" 
or negative acceleration. This pin goes low 
when velocity is zero and remains low during actuator acceleration. This pin is 
only allowed to go high during accessmode. This output isopen collector and 
requires an external pull-up resistor. 


2 
2 
2 
MODE 
Digital input used to select Hold mode (low level) or Access mode (high level). 
3 
3 
3 
FILL 
Analog output that provides a sawtooth waveform that, when summed with 
stair-step output of the external DAC, provides a smooth trajectory curve. Refer 
to Figure 3. 


4 
4 
5 
POSA 
Analog input for quadrature 
position signals from demodulator 
(ML44011 


5 
5 
6 
POSB 
4431). Low pass prefiltering 
is recommended 
to eliminate 
peak detector 
ripple and external noise. 
6 
7 
8 
GND 
Device ground connection. 
8 
9 
CMP1 
Digital outputs that can be used for various control and count schemes. These 
6 
7 
CMP2 
pins are only available on the ML4413. Timing isshown in Figure 3. These out- 
puts are open collector outputs with an internal pull-up resistortied to +5V. 


7 
9 
10 
Vcc 
+12V power supply connection. 
8 
10 
12 
TRKX 
Digital output that provides a logic transition at each track crossing which is 
defined asthe point midway between two tracks. Referto Figure 3. This output is 
open collector with an internal pull-up resistor tied to +5V. 
9 
11 
13 
TCO 
Digital output from the on-track detector. Used in Hold mode, this pin goes to 
logic high when the position signal exceeds an established window. This output 
isopen collector with an internal pull-up resistor tied to +5 V. 
10 
12 
14 
TO 
Analog input into the on-track detector. The input is normally derived from the 
position signal. 
• 


11 
13 
15 
DIFA 
Analog inputs for differentiated quadrature position signals. These inputs are 
12 
14 
16 
DIFB 
used to generate the velocity signal at output VELO. 
13 
15 
17 
VELO 
Analog output that provides a continuous velocity (tachometer) signal by time 
multiplexing/inverting 
the DIFA, DIFB input signals. 
14 
16 
19 
VR 
Reference voltage input. This value should typically be +5\1, which 
is 
obtainable 
from the VREFoutput 
of ML4401/4431. 
15 
17 
20 
Eva 
Multiplexed analog output of both velocity error and position error signals. This 
output is used asthe input for the servo actuator driving circuity such asthe 
ML4402. 
18 
21 
DIS 
Digital input that, upon a logic high, electrically shorts pins CD ISand CMPO in 
order to keep the compensator capacitor discharged after entering hold mode. 
This pin and function isonly available on ML4413. This function is used to re- 
duce settling time when entering the Hold mode. Unlike pins MODE and DIN 
which float to logic high, this pin floats to logic low when left unconnected. 
16 
19 
22 
CMPO 
Analog connection point for position compensation circuitry that is connected 
between this pin and POSI. 


20 
23 
CD1S 
Used to discharge external position compensation asshown in Figure 5. This pin 
isonly available on ML4413. On the ML4403 this pin is internally connected to 
pin POSI. 


17 
21 
24 
POSI 
Analog input for position control amplifier. 
18 
22 
26 
VELC 
Analog input into velocity comparator. The velocity comparator trigger level is 
VR and is used for velocity event detection as described below. 


19 
23 
27 
VELE 
Analog input for velocity error signal generated off-chip, referenced to YR. 


20 
24 
28 
DIN 
Digital input that controls actuator direction during Seek mode. This input af- 
fects the waveforms of outputs Fill, VEla, and Eva. Referto Figure 3. 
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ABSOLUTE MAXIMUM RATINGS 


Absolute maximum 
ratings are those values beyond which the 


device could be permanently 
damaged. Absolute maximum 
ratings 
are stress ratings only and functional 
device operation 
is not implied. 


(All voltages referenced to GND.) 


Power Supply Voltage, Vcc 
..............••........... 
14V 


Terminal Voltage Range 


VR 
-0.3t07.0V 


POSI 
-0.3 
to VR +O.3V 
DIN, POSA, POSB, DIFA, DIFB, VELE, VELC, MODE, 
DIS, 


TCI 
-0.3 
to Vcc +O.3V 


Storage Temperature Range 
-65°C 
to +150°C 


Junction Temperature 
...............•............ 
+125°C 
Lead Temperature (Soldering, 10sec) 
0 
0 
•••••••• 
260°C 


Temperature Range 
....•.............•••..... 
O°C to 70°C 


Supply Voltage (Vcc) 
12V ±10% 


ELEORICAL CHARACTERISTICS 
The following 
specifications 
apply 
over the recommended 
operating 
conditions 
ofVcc 
= 10.8 to 13.2 V, and VR ~ 5.0V, 
unless 


otherwise 
specified. 
(See Note 
1.) 


SYMBOL 
PARAMETER 
CONDITIONS 


Power Supply 


Icc 
I vcc Supply Current 
I Outputs 
unloaded 


DIGITAL INPUT /OUTPUT 
CHARACTERISTICS 


Inputs DIN and Mode' 


VIH 
Logic High Voltage 
2.0 
V 


IIH 
Logic High Current 
V1H-204V 
'OJ 
-40 
1 
40 
~ 


VIL 
Logic Low Voltage 
0.8 
V 


IlL 
Logic Low Current 
V1L-Oo4V 
-100 
-50 
0 
~ 


V1H 
Logic High Voltage 
'j 
2.0 
V 


IIH 
LogicHigh 
Current 
VIH-204V 


.. 
0 
180 
250 
~ 


V1L 
Logic Low Voltage 
. 
0.65 
V 


VOL 
Output 
Low Voltage 
IOL-1.6mA 
0 
004 
V 


VOH 
Output 
High Voltage 
IOH-50~ 
204 
V 


tpD 
Propagation Delay 
CL-15pF 
200 
ns 


VTH 
Track Comparator 
Window 
+ and - 
relative to VR 
, 
235 
257 
270 
mV 


Outputs 
CMPl and CMP2 (ML4413 Only) 


VOL 
Output 
Low Voltage 


VOH 
Output 
High Voltage 


Output 
DECO 


VOL 
I-O-ut-p-ut-Low--"'-o-Ita-g-e--- 


IOL -Oo4mA 


IOH- 
-50~ 
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ELECTRICAL CHARACTE 
RISTICS (Continued) 
The following 
specifications 
apply 
over the recommended 
operating 
conditions 
of Vcc-10.8 
to 13.2Y, and VR - 5.0Y, 
unless 
otherwise 
specified. 
(See Note 
1.) 


SYMBOL 
PARAMETER 


ANALOG IN PUT/OUTPUT 
CHARACTERISTICS 


Outputs Fill, VELO, COMPO, 
and EVO 


VOSI 
Input Offset Voltage EVa, FILL 
2 
mV 


VOS2 
Input Offset Voltage COMPO 
-5 
5 
mV 


VOS3 
VELa 
Variation in output 
level in 
-10 
10 
mV 


Input Offset Voltage Tracking 
4 multiplex 
states with 


Between 4 Multiplex 
States 
DIFA-DIFB-5V 


SRI 
Slew Rate FILL 
4 
V//lS 


SR2 
Slew Rate COMPO, 
VELa, 


, 


1 
V//lS 


EVa 


Your 
Output 
Range All 
, 
1.0 
9.0 
V 


ISRCl 
Source Current CaMp, 
VELa, 
3 
mA 
FILL 


ISRC2 
Source Current EVa 
1.5 
mA 


ISNKI 
Sink Current FILL 
0.25 
mA 


ISNKl 
Sink Current EVa, VELE 
-,,' 
2 
mA 


ISNKJ 
Sink Current COMPO 
" 
i' 
4 
mA 


Vas 
Input Offset Voltage 
2 
mV 


te 
Average Temperature Coeff of 
20 
/lV!OC 
Input Offset Voltage 


los 
Input Offset Current 
. 
10 
nA 


IB 
Input Bias Current 
100 
nA 


AVQL 
Open Loop Gain 
200 
V/mV 


GBW 
Gain Bandwidth 
Product 
1 
MHz 


Vos 
Input Offset Voltage 
" 
2 
mV 


VHYS 
Hysteresis 
,. 
. 
±500 
mV 


te 
Average Temp Coeff of Input 
20 
/lV!OC 


Offset Voltage 


los 
Input Offset Current 
. 
50 
nA 


IB 
Input Bias Current 
: 
, 
500 
nA 


Av 
Voltage Gain 
200 
V!mV 


Pd 
Response Time 
500 
ns 


Note 1: OOCto +70°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% testing, samplil)g, or 
by correlation 
with worst-case test conditions. 
. 


Note 2: Typicals are parametric 
norm at 25°C. 
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Power Supply and Reference Requirements 
The ML4403/4413 operates from a single 12V ± 10% 
power supply, a 5.0V reference is required at pin VR 
which 
is available from pin VREFon the ML4401/4431. 
VR serves as a system reference or "analog ground". 


Modes of Operation 
The device has two modes of operation, Access and Hold 
mode, which are controlled by pin MODE. To accomplish 
this, pin MODE controls the output multiplexer that selects 
either the velocity or position error signal. 


AccessMode 
The head actuator servo system usesAccess mode to move 
the recording head(s)from one data track to another. Access 
mode circuitry within the ML4403!4413 includes analog 
functions necessaryto measure and control head actuator 
velocity. The head velocity is controlled in a fashion that 
provides for a fast track-to-track movement and minimum 
settling time, which results in minimum track accesstime. 


Actuator Trajectory 
Similar to racing to the next stop sign, the fastestway to move 
from one data track to the next isthrough maximum acceler- 
ation and maximum braking (negative acceleration). In a disk 
drive the acceleration, either positive or negative, is governed 
by maximum available actuator current. To do this in a con- 
trollable manner and land on the target track, an achievable 
"braking curve" or trajectory function isfirst defined. At the 
beginning of Access mode, maximum acceleration is applied 
until the head velocity reaches this defined braking curve. 
Following the velocity profile of the trajectory curve, con- 
trolled braking stops the head on the target track. 


Unlike acceleration, velocity and distance are accurately 
measurable and therefore controllable parameters. The tra- 
jectory function, asshown in Figure 2, is therefore expressed 
asvelocity (track crossing rate) vs. distance (tracks to go). The 
desirable constant positive and negative acceleration will 
result in the expression of velocity asa function of the square 
root of distance. Therefore generation of the trajectory curve, 
velocity vs. distance, requires a non-linear function. 


Actuator Trajectory Generation 
At the start of a track accesscycle, initial tracks-to-go count is 
supplied by the microprocessor. As the head moves, the 
count is decremented by the ML4403!4413 track crossing 
detector. To generate the analog "desired velocity" 
signal 


required for braking control, the tracks-to-go count (distance 
variable) is converted through a DAC (Digital to Analog Con- 
verter) with a non-linear square function included either 
before or after the conversion. One common approach used 
to obtain this non-linear function isto pre-process the tracks- 
to-go count (or multiple thereof) in the microprocessor. This 
can be performed algori.thmically by the use of a look up 
table. 


---. 
<--._ 
.. __ . --._- 
.-.- 
_. 
-- 
-~ ..• _. 


si~n. Th~ tracks-to-go count is maintained by a simple dis- 
crete down-counter that is initialized by the microprocessor. 
To eliminate the DAC stepsand provide a smooth distance 
signal, the DAC output is summed with the ML4403!4413's 
FILLoutput in the external summing amplifier shown. The 
FILLoutput generates a sawtooth wave, asshown in Figure 3. 
This distance signal isthen passedthrough the non-linear 
trajectory generator which generates the "desired velocity" 
signal used during braking. Generating a smooth trajectory 
curve reduces electrical! mechanical system oscillation and 
target track settling time. 


Inductance-caused actuator lag can also create a target track 
overshoot problem. The trajectory curve generator, as indi- 
cated, can be designed to allow the microprocessor to mod- 
ify the non-linear function in a way to account for this lag. 
Referto Figure 2. The amount of lag will depend on duration 
of braking. Braking duration can be correlated against accel- 
eration duration which is indicated by the timing of pin 
DECO. 


The track crossing detector, which drives the trajectory posi- 
tion counter (seeFigure 5), isgenerated with external logic. 
The input comparators have a fixed amount of internal hys- 
teresisto provide noise immunity and media dropouts. The 
CMPl and CMP2 outputs on the ML4413 can be used to 
perform more sophisticated sequential track crossing detec- 
tion schemes. This can further reduce the detector's suscep- 
tability to media dropouts. 


Hold Mode 
At the end of an Access cycle, the head is stopped, or nearly 
so, on the target track. Hold mode isthen selected to main- 
tain accurate head positioning on that track. In this mode, the 
compensator output (CMPO) is multiplexed into the error 
amplifier output (EVO). 


Track Selection 
Track position is held by maintaining a zero value of the posi- 
tion input signal, with respect to YR. However, to allow selec- 
tion of one of four track types and maintain error signal 
polarity, selection of POSA, POSB, Of their inverse needs to 
be possible. Commonly this selection process is accom- 
plished with an analog multiplexer-inverter 
matrix. The prob- 


lem inherent with this approach isthe track-to-track offset 
differences, caused by the amplifier input offset differences 
within the matrix. 


The track selection scheme adopted by the ML4401/4431 
and ML4403/4413 combination 
performs the multiplexing 
within 
the ML4401/4431. The selection/inversion 
operation 
is performed 
with the external support 
logic of 
the ML4401/4431 by changing the peak detector 
sample 
timing. This method eliminates the offset problems 
and 
allows a higher track density. 
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Position Amplifier 
and Compensator 
Zeroing 


During track following mode (mode low), the compensator 
amplifier acts asan integrator which nulls out the position 
error. The timing of the transition between access mode and 
track follow is critical to minimize settling time. The velocity 
at which this transition occurs can be externally set by resistor 
RCMP (see Figure 5). During seek mode, the large compensa- 
tor capacitor (CCMP) isdischarged through an internal 
switch, so that the integrating loop sees no initial charge at 
the beginning of track follow mode. This can reduce settling 
time by several milliseconds. 


The ML4413 provides a further enhancement of this feature. 
The switch can remain closed after the beginning of the seek- 
to-track follow transition by holding pin DIS high. In this way, 
the time at which the logic switches modes, and the time that 
integration begins can be controlled independently, and 
further settling time reduction can be acheived. 


On-Track Detector 
The on board on-track detector is a window comparator that 
provides a digital alarm of an off-track condition. This feature 
is useful asa safety to prevent data transfer during an off-track 
condition that may occur during track settling or mechanical 
jarring. 


Velocity Control 
As a necessary element 
of velocity 
control, 
a velocity 
signal is generated 
and is output 
at pin VELa. To 


accomplish 
this, the quadrature 
position 
signals are first 
differentiated 
through 
external RC networks 
and then 
input 
into pins DIFA and DIFB. The ML4403/4413 then 
time 
multiplexes 
these differentiated 
signals to obtain 
a 
continous 
velocity 
signal that is output 
at pin VELa. It is 


important 
to note that the trajectory 
generator 
shown 


in Figure 5 generates a "desired 
velocity" 
signal positive 
with 
respect to VR, and that VELa creates a negative 


signal with 
respect VR. This allows the use of a simple 
external 
resistor bridge to create the velocity 
error 
signal. 


The summing function can be modified, as illustrated, by the 
action of pin DECO when the actual velocity reaches the 
trajectory curve. Modification 
can-also be made just prior to 
that time with t~e "optional trajectory overshoot compensa- 
tion" circuit, shown in Figure 5, that prevents overshoot due 
to actuator motor inductance. 


Inductance-caused actuator lag can also create a track over- 
shoot problem. '(he trajectory curve generator, as indicated, 
can be designed to allow. the microprocessor to modify the 
non-linearfunction 
in a way to account for this lag asshown 
in Figure 2. The amount of lag will depend on duration of 
braking. Braking duration can be correlated against accelera- 
tion duration which is indicated by the timing of pin DECO. 
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PART NUMBER 


ML4403CP 
ML4403CQ 
ML4413CP 
ML4413CQ 


TEMP. RANGE 


DoC to +70°C 
DoC to +70°C 
DoCto +70°C 
DoC to +70°C 


PACKAGE 


MOLDED 
DIP (P20) 
MOLDED 
PCC (Q20) 


MOLDED 
DIP (P24) 
MOLDED 
PCC (Q28) 


.~ 
Micro Linear 


•• 
Micro Linear 


May 1992 


PRELIMINARY 


ML4404 


Trajectory Generator 


The ML4404 Trajectory Generator provides the 
trajectory function for time optimal head positioning 
systems. The ML4404 receives position and velocity 
information 
from a servo controller, such as the 


ML4403, and generates the desired time optimal 
velocity trajectory. Desired Velocity is then compared 
with the actual velocity to create the error signal used 
by the servo controller. 


An anticipate function 
is included to compensate for 


phase shift error caused by actuator inductance. 
Another feature on the ML4404 is an error measure 
output which averages the velocity error during 
deceleration, so that the control system can monitor - 
and adjust the necessary transducer gain for minimum 
access time. 


The servo system usually requires accurate analog 
voltages to be set through software control. This is 
easily accomplished with a duty cycle to current 
translator function 
on the ML4404. By controlling 
the 


duty cycle of a TTL line, a processor can set an analog 
voltage on the translator output. These translators are 
fully independent 
blocks which can be used anywhere 


in the control system. 


• Flexible architecture 
allows a user defined 
trajectory- function 
• Anticipate 
function 
compensates for phase delay 


caused by actuator inductance 
• Feed forward 
function 
improves system stability 


• Uncommitted 
PWM to current 
translators allow an 


analog voltage to be set with 
microprocessor 


control 
• Single +12V power supply 
• Compatible 
with Micro 
Linear's ML4401, ML4431 


Demodulator, 
ML4402, ML4406/07108 
Driver, and 


ML4403, ML4413 Controller 
• 


!VIA 


RX. 


RY 


RYvos 
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PIN DESCRIPTION 


PIN# 


Ml4404 
NAME 


MSB 


2 
LSB 


3 
ISET 


4 
TRAJiN 


5 
ISUM' 


6 
RYvos 


7 
PWMOUTB 
8 
PWMOUTA 
9 
PWMINA 


10 
PWM,NB 


11 
NC 


12 
DIR 


I5>T 
MS8 
VR" 
TKAIIN I 
LS8 IEAMP'NI EMEASoUT 


432128272& 


ISUM 
25 
EAMPOUT 


RYvos 


PWMoUTB 


PWMoUTA 


PWM'NA 


PWM'NB 
10 


NC 
11 


D1R 
IRSENSEA I 
RY 
I 
IlXA 


V10UT 
RSENSEB 
RXs 


TOP VIEW 


24 
GND 


23 
VCC 


22 
ANTICIPATE 


21 
ELATCHOUT 


20 
DECEL 


19 
TKA)OUT 


FUNCTION 


Pulse width 
modulated 
(PWM) 
DAC TIL 
input 
(active 
low). The DAC output 
current 
is the position 
input 
to the trajectory 
generator. 
The MSBI 
LSB ratio is 81 


1. The duty cycle 
of these two TIL 
inputs 
are controlled 
by a processor 
to form 


an 8-bit 
PWM 
DAC. The 3 higher 
order 
bits are modulated 
into the MSB. 


Pulse width 
modulated 
(PWM) 
DAC TIL 
input 
(active 
low). The 5 lower 
order 
bits are modulated 
into the LSB input. 


A resistor 
(RSET)from 
this pin to VREFsets the internal 
bias levels. 
IBIAS~ 3 V 1RSET. 


The nominal 
value 
should 
be between 
0.25 and 0.5 mA. 


The trajectory 
generator 
input. 
This node 
is connected 
through 
an external 
filter 
to the sum of the PWM 
DAC output 
and the multiplier 
output. 


The trajectory 
DAC output 
which 
is summed 
with 
the multiplier 
output 
feed- 


back. 
An external 
RC filter 
network 
from 
this pin to TRAJ'N smooths 
out PWM 


DAC ripple. 


Nulls out the offset of the trajectory 
curve 
at the origin. 
A resistor equal 
to RY is 


connected 
from 
this pin to VREF.This pin is available 
only 
on the ML4404. 


PWM 
to current 
translator 
output. 
- 


PWM 
to current 
translator 
output. 


TIL 
input 
for the PWM 
to current 
translator. 
This converter 
translates 
a signal's 


duty 
cycle 
to an analog 
voltage. 


TIL 
input 
for the PWM 
to current 
translator. 
This converter 
translates 
a signal's 


duty cycle 
to an analog 
voltage. 


No Connection. 
TIL 
direction 
input 
from 
the processor. 
Controls 
the polarity 
of the VII 
converter 
output. 
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PIN DESCRIPTION (Continued) 


PIN# 


ML4404 


14 
RSENSEA 


15 
RSENSEB 


16 
RY 


17 
RXB 


18 
RXA 


19 
TRAJoUT 


20 
DECEL 


21 
ELATCHoUT 


22 
ANTICIPATE 


23 
Vcc 
24 
GND 


25 
EAMPoUT 


26 
EMEASOUT 


27 
VREF 


28 
EAMP1N 


The V / I converter 
output. 
This circuit 
block 
monitors 
the differential 
voltage 
across the sense resistors of an actuator 
driver 
(such as the ML4402) 
and con- 
verts it to a bidirectional 
current 
whose 
scale factor 
is set by two 
external 
resis- 


tors. This current 
can be used to compensate 
for a noise reducing 
low pass filter 


in the output 
of the velocity 
transducer 
so that there 
is no net phase shift in the 
velocity 
signal. 


A gain setting 
resistor 
is connected 
from 
this input 
to the sense resistor 
on the 


bridge 
driver. 
A gain setting 
resistor 
is connected 
from 
this input 
to the sense resistor on the 
bridge 
driver. 


A resistor 
(RY) is connected 
from 
this pin to VREF. RY and RX set the second 
or- 


der term 
of the trajectory 
curve. 
A resistor 
(RX) is connected 
between 
RXA AN D RXB to set the second 
order 
term 
in the trajectory 
curve. 
A resistor (RX) is connected 
between 
RXA and RXB to set the second 
order 
term 


in the trajectory 
curve. 
An additional 
resistor 
(RK3) can be connected 
from 
RXA 


to either 
the trajectory 
outp'ut 
(TRAJoUT) or to VREFto set the third 
order 
term. 


The trajectory 
output. 
This voltage 
relative 
to VREF is proportional 
to the desired 
velocity. 
A resistor and capacitor 
from 
this pin to TRAJIN sets the first order 
term 


and the loop 
compensation. 


Decelerate 
mode 
TIL 
input 
from 
the servo controller 
(such as the ML4403). 
When 
low (during 
accelerate) 
the anticipate 
output 
becomes 
a voltage 
follower, 
the error 
measure 
output 
is a high impedance, 
and the error 
sign is latched. 
When 
high (during 
deceleration) 
anticipate 
goes to high impedance, 
error 
mea- 
sure integrates 
the velocity 
error, 
and the error 
sign latch 
is transparent. 


The latched 
sign of the access loop error 
during 
deceleration. 
This TIL 
output 
can be used by the processor 
to adjust 
the veloCity 
transducer 
gain to match 
that 


required 
by the mechanical 
system. 
Modifies 
the trajectory 
curve 
during 
acceleration 
and the accelerate 
to deceler- 


ate transition. 
This accounts 
for tht'time 
delay 
error 
caused 
by the actuator 
in- 


ductance. 
+12V power 
su pply. 
Ground. 
Error amplifier 
output. 
The positive 
trajectory 
output 
(desired 
velocity) 
is 
summed 
with 
the negative 
velocity 
input 
(actual 
velocity) 
to form 
a difference 


output. 
The velocity 
input 
comes 
from 
the servo controller 
(such as the 
ML4403). 
Error measure 
output. 
This output 
averages the value 
of the access loop 
error 


during 
deceleration. 


The analog 
zero 
reference 
point. 
This pin is intended 
to be driven 
with 
the 
ML4401 
VREFoutput. 
The ML4404 
has an internal 
5 V reference 
conne,cted 


through 
a current 
limiting 
resistor to this pin so that standalone 
operation/ 


evaluation 
is available. 
Error amplifier 
input. 
The INPUT 
summing 
node for the trajectory 
and velocity 


signals. 


• 
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Absolute maximum 
ratings are those values beyond which the 


device could be permanently 
damaged. Absolute maximum 
ratings 


are stressratings only and functional 
device operation 
is not implied. 


(All voltages referenced to GND.) 


Power Supply Voltage, Vcc 
14V 


VREF• RSENSEA,RSENSEB 
-0.3 
to +7V 


TIL Inputs, IBIAS'ELATCHoUT .........••....... 
-0.3 
to +7V 


PWMOUTA' PWMoUTB' PWMoUTC 
-0.3toVcc 
+O.3V 


Anticipate, 
V,OUT,EAMPoUT 
-0.3 
to Vcc +O.3V 


EAMP,N, TRAJ'N 
-0.3 
to Vcc +0.3V 


ISUM 
VREF-ltoVREF 
+lV 


TRAJour. RXA, RXB,RY,RYvos 
......•... 
VREF-1 to Vcc +O.3V 


StorageTemperatureRange 
-65°Cto 
+150°C 


Junction Temperature {TJ) 
+125°C 


Lead Temperature (Soldering, 10sec) ...•.•.......•.... 
260°C 


Temperature Range 
..........•.........•..... 
O°C to 70°C 


Supply Voltage (vcc) 
.••.........••............ 
12V±10% 


RSET 
. • . . . . . . . . . . • • . . . . . . . . . . . . . . .. 
6.2 
K 


RK1 
....................••..........••.......... 
110K 


RY 
...............••.........••...........••..... 
3K 


RYyos 
...........••.•.........••................. 
3K 


RX ................••........•.•................ 
6.8K 
RK3 ............••.........•...........•... 
12K to VREF 


CCOMP 
.........••.........••.................. 
56pF 
CF1 
...........•.........••..........•••.... 
O.OO22"F 


CF2 
.....•.........••..........•............... 
Open 
RF ......••..•.......•••.........•••............. 
10K 


RLOAD .........•...........••..........•... 
20KtoVREF 


ELECTRICAL CHARACTERISTICS 
The following 
specifications 
apply 
oyer the recommended 
operating 
conditions 
of VCC -10.8 
to 13.2 V, VREF- 5 V, TA - 0 to 70°e, 


RFlLT=10K, RY - RYvOs-3K, 
RK1-100K, 
RX-6.8K, 
RSET-6.2 
K and RK3 -12 
K to VREF unless otherwise 
specified. 
(See Note 
1.) 


SYMBOL 
PARAMETER 


IX: CHARACTERISTICS 


Icc 
I Power Supply Current 
I 


DIGITAL INPUT /OUTPUT 
CHARACTERISTICS 


(Inputs 
PWM1NA, B, C, MSB, LSB, DIR) 


V,H 
Logic High Voltage 
2.0 
V 


I'H 
Logic High Current 
V,H-2AV 
-40 
10 
40 
/'A 


V,L 
Logic Low Voltage 
'. 
0.8 
V 


I'L 
Logic Low Current 
V,L -OAV 
-40 
1 
40 
/'A 


VIH 
Logic High Voltage 
2.0 
V 


I'H 
Logic High Current 
VIH-2AV 
-250 
5 
40 
/'A 


VIL 
Logic Low Voltage 
0.8 
V 


IlL 
Logic Low Current 
V1L -OAV 
-1600 
-850 
0 
/'A 


Outputs 
(ELATCHoUT) 


Vm 
Output 
Low Voltage 


VOH 
Output 
High Voltage 


Trajectory Amplifier 
(See Note 3) 


1m-1.6mA 


RL-5KtoVREF 


IB 
Input Bias Current 
0 
7 
20 
nA 


Ay 
Open Loop Gain 
75k 
vtv 


BW 
Unity Gain Bandwidth 
1 
MHz 


PHIM 
Phase Margin 
75 
DEG 


Vas 
Input Offset Voltage 
I 
-10 
10 
mV 


IB 
Input Bias Current 
I 
0 
50 
300 
nA 


Ay 
Open Loop Gain 
120k 
vtv 


ISOURCE 
Source Current 
4 
8 
mA 


ISINK 
Sink Current 
1 
2 
mA 


fNJ 
Unity Gain Bandwidth 
1 
MHz 


PHIM 
Phase Margin 
75 
DEG 


VOUT 
Output Voltage Range 
0.5 
Vcc -3 
V 
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ELEORICAL 
CHARAOERISTICS 
(Continued) 


The 
following 
specifications 
apply 
over 
the 
recommended 
operating 
conditions 
of Vcc 
= 10.8 to 
13.2\1, VREF = 5\1, 


TA = 0 to 
70·C, 
RFILT= 10K, 
RY = RYVOS 
= 3K, RK1 = 100K, 
RX = 6.8K, 
RSET= 6.2K 
and 
RK3 = 12K to 
VREF 


unless 
otherwise 
specified. 
(See 
Note 
1) 


Biasing 


VIS 
ISETVoltage 


PWM to Current 
Translators 


ICHARGE/ISET,IDdlsET 
PWMOUT = 5.0V 
0.98 
mNmA 


ICHARGE/lDls 
PWMOUT = 5.0V 
0.910 
0.99 
1.10 
mA/mA 


VOUT 
Output 
Voltage 
Range 
1.5 
9 
V 


VOs 
Input 
Offset 
Voltage 
-10 
10 
mV 


gm 
Transconductance 
1700 
pMhos 


IOUTMAX 
Max Output 
Current 
90 
pA 


IB 
Input 
Bias Current 
4.5 
pA 


IB 
Input 
Bias Current 
0 
2 
10 
pA 


Vos 
Input 
Offset 
Voltage 
VTRAJOUT@ 5V 
-10 
10 
mV 


Av 
Open 
loop 
Gain 
15k 
VIV 


too 
Propagation 
Delay 
CL = 10pF, RL = 2K to VREF 
60 
ns 


IOS/ISENSE 
Sense Current 
Offset 
ISENSEA= ISENsEB 
-2 
0 
2 
% 
"100 
0.1mA < ISENSE< 1mA 
V10UT = 5V 


VsMAX 
Max RsENsEVoltage 
0.5 
0.64 
V 


VOUT 
Output 
Range 
'. 
1.8 
9 
V 


Trajectory DAC 


IMsB/lSET 
MSB Current 


IMsBIILSB 
MSB to LSB Ratio 


Trajectory Multiplier 
(Note 4) 


III 


mA/mA 
mNmA 


VOs 
VOUT - VREFat Origin 
VOUT at 'SUM = 0 
-5 
5 
mV 


VTRACK1: VTRACK32 
(VOUT at ILSB/32)/(VOUT at ILSB) 
0.090 
0.140 
mV/mV 


VTRACK2: VTRACK32 
(VOUT at ILSB/16)/(VOUTat 'LSB) 
0.165 
0.205 
mV/mV 


VTRACK4: VTRACK32 
(VOUT at ILSB/8)/(VOUT at ILSB) 
0.270 
0.320 
mV/mV 


VTRACK8: VTRACK32 
(VOUT at ILSB/4)/(VOUT at ILSB) 
0.430 
0.470 
mV/mV 


VTRACK16: VTRACK32 
(VOUT at ILsB/2)/(VOUT at ILSB) 
0.660 
0.695 
mV/mV 


VLSB 
VTRACK32 
VOUT at IsUM = ILSB 
0.935 
1.035 
V 


VCROss 
Crossover 
Error 
(VOUT at IsUM = ILSB)- 
-25 
+10 
mV 


(VOUT at IsUM = IMsB/8) 


VTRACK32: VTRACK256 
(VOUT at IMsB/8)/(VOUT at IMsB) 
0.305 
0.325 
mVlmV 


VTRACK64: VTRACK256 
(VOUT at IMsB/4)/(VOUT at IMsB) 
0.450 
0.470 
mVlmV 


VTRACK128: VTRACK256 
(VOUT at IMsBI2)/(VOUT at IMsB) 
0.670 
0.685 
mV/mV 


VTRACK192: VTRACK256 
(VOUT at 'MsB"3/4)/(VoUT 
at IMsB) 
0.840 
0.860 
mV/mV 


VMsB 
VTRACK256 
VOUT at IsUM = IMsB 
3.070 
3.225 
V 


(Full Scale + 1) 


PSRR 
Supply 
Rejection 
at Origin 
0.2 
mVIV 


at Full Scale 
2 
mVN 


Note 1: O°Cto +70°C operating temperature range devices are 100%tested with temperature limits guaranteed by 100%testing, sampling, or 
by correlation 
with 
worst-case 
test conditions. 
Note 
2: 
Typicals 
are parametric 
norm 
at 25°C. 


Note 
3: 
Minimum 
recommended 
load 
resistor 
is 10kO 
from 
the trajectory 
output 
to VREf• 
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Power Supply and Reference Requirements 
The ML4404 operates from 
a single 12V power 
supply. 
In addition, 
a 5.0V reference 
is required 
at pin VREF 


which 
is available from 
the ML4401, ML4431. VREF 
serves as a system reference 
or "analog 
ground". 


Biasing 
All of the critical 
internal 
biasing on the ML4404 is set 


as a function 
of an external 
resistor, RSET.An internal 


feed-back 
loop forces the voltage on 'SET(pin 3) to be 


2.0V. RSETis connected 
from this pin to VREF(5.0V) and 


the resulting 
current 
is used in the multiplier 
and duty 


cycle-to-current 
translators. 


IB1AS~ (VREF-2)/RsET~ 3V I RSET 


The nominal value of 'BIASshould be between 0.25 and 
O.50mA. 


Trajectory Multiplier/ 
Amplifier 


The Trajectory Multiplierl 
Amplifier generatesthe optimal 


velocity output from the position-to-go input. The optimal 
velocity is the TRAJoUTvoltage relative to VREf'The input 
position is set by the duty cycle of the MSB and LSB-inputs. 


During an accessoperation, the actuator isfirst driven to 
maximum acceleration, and then into braking or decelera- 
tion. To minimize accesstimes the trajectory curve (velocity 
vs position) during deceleration must be a.ccurately con- 
trolled so that the head stops exactly on the desired track 
(without overshooting or undershooting). The head is driven 
to maximum acceleration until this braking curve is reached. 
Then the velocity is controlled to follow this optimal trajec- 
tory during deceleration. 


According to the theory for a second order system, time 
optimal accessisachieved if the position is proportional to 
the square of velocity (P~ KV2, or V = Kplll). However, in the 
real system environment, this theory needs modification in 
two important areas. First, asshown in Figure 1,the slope of 
the trajectory at the origin (final position) is infinite for a pure 
square root function. This infinite slope would result in an 
infinite bandwidth servo loop. As a result, a first order linear 
term needs to be included which will reduce the slope of this 
curve near the origin. Second, at large velocity, the square 
root function is not quite optimal, due to non-zero actuator 
inductance. A higher order term to modify the curve in this 
region needs to be included. 


This trajectory curve, with its first, second, and third order 
terms is implemented with a multiplier in the feedback loop 
of an opamp (seeFigure 2). The position input isa current 
which isa fraction of IBIAS,asdiscussed in the trajectory DAC 
section below. The first order term is implemented with a 
feedback resistor (RK1)directly in the feedback path of the op 
amp. This transfer function of this I/V converter is expressed 
by VOUT= RK1• 'IN. The second order term comes from the 
multiplier. 


'IN-(VOUT2/(2.25IBIAS· 
RX. 
RY)) 


With both terms together, 


IN _ 
VOUT 
+ 
VOUT2 


RK1 
2.25 IBIAS• RX • RY 


The first order term dominates near the origin, and the sec- 
ond order term domi nates, at higher velocities. 
The multiplier is modified by the addition of a resistor (RK3) 
which results in the third order term. This resistor is con- 
nected from RXA (pin 18)to either TRAJoUTor VREF.As 
shown in Figure 3, the shape of the trajectory curve for large 
velocities can be adjusted in either direction from nominal, 
depending on which pins RK3is connecte9 between. It 
should be noted that the above equations are only approxi- 
mate. The actual multiplier transfer function is not a pure 
second order function, even with RK3 unconnected. The 
multiplier is designed to approximate the required trajectory 
for most typical servo systems. For most applications, very 
little correction with RK3will be required. On the ML4404, 
an additional resistor (RYvos) equal to RYcan be included 
which nulls the offset of the curve nearthe origin. 


Since the resistorsRSET'RK1,RX, RY,RK3,and RYvos are all 
external, any desired trajectory can be set. The constraints on 
these values are asof follows: 


VOUTMAX<1.5' 
RX· 
IB1AS 
VOUTMAX>1.5' 
RY· 
IBIAS 
VOUTMAX<3.5V 
6 k< RSET<12k for VREF-5V 
RFIlT<RK1/10 
RFilT• CFIlT2<RK1 • CCOMP 
RLOAD>10k to VREF 


VOUTMAXis the maximum trajectory output voltage (relative 
to VREF). 


Trajectory DAC 
The trajectory DAC creates, a position input for the trajectory 
multiplier. The position input is controlled by the duty cycle 
of the TIL inputs MSB and LSB.For most applications the 
position information will be digitally encoded to 8-bit 
resolution - each code representing one track. Therefore, the 
full scale input of the trajectory curve is 255 tracks. The input 
current corresponding to this full scale is IBIAS. 


Since the duty cycle of a single line is difficult to control to 
0.4% 
(1/256), 
the duty cycle to input current translator sec- 


tion isdivided into 2 signals (MSB and LSB).As shown in 
Figure 4, the ratio between these two currents is 8/1. The 5 
lower order bits of code are modulated into the LSBinput, 
and the 3 higher order bits into the MSB input. Forexample, 
a position input of 32 tracks would correspond to the MSB 
line always inactive, and the LSBline always active. 256 
tracks would be MSB always active, and the LSB always 
inactive. 1track would be MSB always inactive, and LSB1/32 
of the period active. 


In general for an 8-bit binary code D7 D6 D5 D4 D3 D2 D1 
DOwhere D7 isthe high order bit, the active duty cycle for 
the MSB input is D7 D6 D5/8 
and the active duty cycle for 
the LSBinput is D4 D3 D2 D1 DO 132. Forexample 10100011 
(163tracks) would be active 5/8 of a period on the MSB, and 
3/32 
of a period on the LSB. 
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ACConsiderations- 
TrajectoryAmp/Multiplier 


The AC response of the trajectory output is primarily con- 
trolled by the external components CFlLT1,CFlLT2'RFlLT'RK1, 
and CCOMPFour parameters must be considered to deter- 
mine the values of these components .. 


First,the value of RKl is set based on the bandwidth of the 
servo loop. RKl setsthe gain of the trajectory function at the 
origin. As the system bandwidth increases, more gain is re- 
quired near the origin, and the value of RKl increases. 


Second, the exponential decay rate of the trajectory output 
during deceleration must be fast enough for the mechanical 
system to dominate the loop response. As the head ap- 
proaches the target track, the multiplier (2nd and 3rd order 
terms) becomes lesssignificant, and the first order term domi- 
nates. In this region, the exponential decay is dominated by 
the RKl • CCOMPproduct. This product should be set at a 
frequency which is a few times higher than that of the posi- 
tion loop bandwidth, so that the overall phase margin is not 
significantly degraded. 


Third, the filter components should be set such that the rip- 
ple from the trajectory DAC is minimized. Once the values 
for CCOMPand RKl have been set, then the values of the 
remaining components, CFlLT1,CFlLT2'and RFlLT'can be de- 
termined. As the capacitance and r~istance of these 
components increase the PWM ripple from the trajectory 
DAC is reduced. Due to the nonlinear nature of this circuit 
block, a mathematical analysis of the ripple isquite cumber- 
some, so the values of these components are best chosen 


Figure 4. 


empirically. The PWM ripple is dependent on RFlLT'CFlLT1, 
CFlLT2,aswell asthe duty cycle (50% duty cycle on the MSB 
will result in the largest ripple), and the frequency of modula- 
tion (the ripple is proportional to the square of the period)" 


Fourth, the RFlLT"CFlLT 
combination 
must be set such that the 


dynamic response of the trajectory output does not over- 
shoot during deceleration. Ideally, the RCcombination 
should be set such that the system is critically damped to a 
maximum deceleration input. 


Note that a tradeoff exists between the ripple amplitude and 
the transient response. Too large a value of RFlLT"CFlLT 
will 
cause an overshoot in the transient response, and a low rip- 
ple level. Too small a value will provide acceptable transient 
response, but a large ripple amplitude. A range of values 
existsfor most applications which results in acceptable per- 
formance for both ripple and transient response. 


Anticipate 
The function of the anticipate block is to modify the trajec- 
tory curve during acceleration. This compensates for the 
actuator inductance delay during the accelerate-to- 
decelerate transition. 


At the start of a accessoperation, the actuator is driven into 
acceleration. The actuator velocity increases until either the 
maximum velocity is reached, or the trajectory deceleration 
curve is reached. As shown in Figure 5, if the trajectory curve 
is reached first, then the actuator needs to be driven into 
deceleration so that the trajedory curve can be followed. 
This accelerate-to-decelerate transition requires that the 


• 
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current in the actuator be reversed. Since this cannot happen 
instantaneously (due to actuator inductance), a phase shift 
results.The actuator will then overshoot the desired trajec- 
tory, and miss the target track. However, if the curve can be 
modified (see Figure 5) such that the accelerate-to-decelerate 
transition begins before the nominal trajectory is reached, 
this overshoot problem can be eliminated. This function is 
implemented with a switched transconductance amp. Dur- 
ing acceleration (DECELinput low), the anticipate output 
becomes a voltage follower-the anticipate signal is identical 
to the TRAJoUTsignal. An external resistorfrom anticipate to 
TRAJINwill modify the trajectory curve as required. During 
deceleration, the anticipate output becomes a high impe- 
dance and the normal trajectory curve isfollowed. 


In addition to the external resistor,an external capacitor to 


VREF setsthe anticipate decay time constant equal to the 
current reversaltime for the actuator. 


Velocity Error Amplifier 
The function of this block isto subtract the desired velocity 
(from the trajectory output) with the actual velocity (from the 
servo controller) to create a velocity error output. This error 
output is multiplexed through the servo controller into the 
servo driver during access mode (seeML4403, ML4413'data 
sheet). 


Since the polarity of the velocity input from the ML4403, 
ML4413 isthe opposite of the trajectory output polarity, the 
difference function isaccomplished with a summing ampli- 
fier, as shown in the application diagram. The summing resis- 
tors and the feedback resistor are external. 


V/ I Amp - Velocity Filter 
The function of this block isto create a low noise velocity 
input. The velocity error amp requires that a clean, noise-free 
velocity input be compared with the desired velocity (from 
the trajectory output) to create a velocity error signal. 


One way to create this velocity signal isto differentiate posi- 
tion. However, the differentiated signal will be noisy, and this 
noise can excite the mechanical resonances in the system. 
Another way to create velocity is to integrate acceleration. 
This eliminates the noise problem, however, the integrator 
DC accuracy will be poor due to the drift. 


The ML4404 uses both of these techniques 
to achieve 
a low noise tachometer 
function 
which 
will 
operate 
at 


low frequencies 
noise from 
the mechanical 
resonances 
is attenuated 
by the RC filter. The filter output 
is then 


summed 
with 
a current 
proportional 
to acceleration . 


VELOCITY5+Wl 
+ S+W, 
>+Wi 


ACCELERATION 
+ 


VELOCITY 


V'N 
(FROM 
DIFFERENTIATORI 


TO ERROR 
AMP SUMMING 
NODE 


1M: ACTUATOR MOTOR CURRENT 
Figure 6. 


The VII amp creates this current 
by monitoring 
the 
sense resistors in the bridge 
driver. The resulting 


transfer function 
has both a pole and a zero, and can 


be expressed 
by: 


Your 
_ 
R*(M*RSB/(KF*KT*RSA))*S 
+ 1 


V1N 
R*C*S + 1 


Where KT- The velocity transducer gain (from differentiator) 


KF=Motor force constant 


M 
= Total moving mass 


The above equation is a first order approximation which 
assumesthat the, frictional components of the system (such 
aswindage) are negligible. If the pole and zero are setto 
identical frequencies, then an all passfunction is achieved. To 
do this, first, set the pole (W -1I RC)at a frequency much 
lower than the mechanical resonances. Then setthe scaling 
resistors, RSA,such that: 


RSA- M *RSBI (KF*KT*C) 
Note that setting a lower corner frequency results in 
increased dependence on the actuator current being an 
accurate representation of true acceleration. Some frictional 
terms and bias forces (such asflex cable force), aswell as 
variations in KF,will distort this relationship. The lower limit 
on this corner frequency will be determined by these non 
ideal effects. 


Error Averaging 
The velocity error output should ideally be within a few milli- 
volts of VREF (near zero error) through the deceleration re- 
gion. However, due to manufacturing tolerances, this error 
will not be identical for each drive. The EMASoUT and ELAT- 
CHOUT pins, allow this error to be nulled out for each indi- 
vidual system. 


During deceleration (DECELinput high) a transconductance 
amplifier is.switched on (seeBlock Diagram) and the velocity 
error output is integrated through an external capacitor. This 
average velocity error is then compared with VREF and sent to 
ELATCHoUT(TTLoutput). 


• ~ Micro Linear 


During acceleration (DECELinput low) the amplifier is 
switched off (high impedance output) and the external ca- 
pacitor isdischarged to VREFthrough an external resistor. In 
this condition, the ITL output, ELATCHoUT'is held in its 
previous state. Since the velocity error during acceleration is 
not of interest, the ELATCHoUTduring acceleration isthe sign 
of the average velocity error output at the end of the previous 
deceleration cycle. 


The processor 
can modify 
the velocity 
transducer 
gain 


based on the state of the ELATCHoUT signal. During 
a 


power-up 
sequence, 
this transducer 
gain can be 
iteratively 
adjusted 
through 
several seek operations 


until the velocity 
error 
is minimized. 
As described 


below, one of the PWM to current 
translators 
on the 


ML4404 could 
be used to adjust this transducer 
gain. 


PWM To Current Translators 
The function of this block isto convert the duty cycle of a ITL 
input line to an analog output voltage. Tooptimize a complex 
servo control system, the manufacturing tolerances of some 
components must be accounted for. Traditionally, the manu- 
facturing process included an expensive sequence of mea- 
surement and adjustment to bring each individual unit within 
specification. A more cost effective solution isto perform 
these tasksthrough software control. 


The ML4404 implements 
this function 
with 
ITL to 


current 
translators. The external 
components 
RpWM 


and CPWM set the desired 
characteristics. 
The 
operation 
of these translators 
can be expressed 
by: 


VO~VREF+IBIAS' 
RpWM' (2' 
DUTYCYCLEI1OO-l) 


Thus for a 50% duty cycle, the output voltage equals the 
reference voltage. The output voltage increases linearly with 
the input duty cycle. 


The external capacitor (CPWM)should be made sufficiently 
large to smooth out the PWM ripple. 


The ML4404 has two translators. 
These stand-alone 


converters 
can be used for any purpose, 
but their 


intended 
functions 
are: 


1. To set the AGC reference 
voltage 
on the ML4401, 


ML4431 servo demodulator. 


2. To offset the position 
loop 
null location 
for data 


recovery 
(compensator 
inputs on the ML4403, 


ML4413 servo controller). 


3. To offset the access arrival point 
for the trajectory 
(ISUM node on the ML4404). 


IlX.\ 


RX. 


RY 


RYYQS 
• 


• 
Not available 
on the ML4404 


•• 
Not available 
on the ML4414 
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PART NUMBER 


ML4404YCQ 


TEMP. RANGE 


DOC to +7DoC 


PACKAGE 


MOLDED 
PCC (Q28) 


_~Micro Linear 


• 


Disk Voice Coil Servo Driver 


The ML4406 is a voice coil power driver intended for 
use in Hard Disk servo systems.The ML4406 contains 
all power and control circuitry necessary to drive the 
voice coils of most 3.5" drives. In addition, power fail 
detection and head retraction functions are provided 
for orderly shut-down of the drive. 


The transconductance is programmed by a logic input 
at 1/4 AN 
and 1/24 AN 
respectively, using a 10 sense 
resistor. This allows for greater DAC resolution in 
digitally controlled 
servos during track follow without 
compromising 
dynamic range during seek. 


The retraction circuit, main drive cicruit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop. 


The power fail detection circuit includes a precision 
2.5V bandgap reference with the option of either 


internally generated power-fail thresholds (ML4406) or 
open comparator inputs for adjustable thresholds 
(ML4407). 


The ML4406 is implemented using Micro Linear's 
bipolar array technology. This allows for easy customi- 
zation of the IC for a user's specific application. 


• SOOmApower output 
with 1.5V total forward 
drop 
• Low offsets, cross-over distortion 
and quiescent 
current 
• Pin-programmable 
transconductance 
settings 


• Retraction circuitry 
with programmable 
retract 
current, voltage limiting, and separate supply pin 
• On-chip 
precision power fail detect circuitry 


• Over-temperature 
protection 
with flag output 


• Logic input available for disabling outputs 


r----------------------------------------------------, 
I 
+5V 
4.5k 
6k 
I 
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: 


I 
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Ml4406/ Ml4407 
20-Pin PCC 


RETRAG 


+12V 
[ POWERFAll 
DISABLE I 
I +5V 


3 
2 
1 
20 
19 
I(REn SET 
18 


HIGH/LOW 
17 


GND 
16 


VIREn 
15 


RISENSE) 
14 
9 
10 
11 
12 
13 


5V COMP 


12V COMP 


REF 


CONTROl- 


CONTROl+ 


PWR GND B I 
I 
PWR GND A 
OUTPUT+ 
OUTPUT- 


PWR Vc 


PIN DESCRIPTION 


PIN NO. 
NAME 
FUNGION 
PIN NO. 
NAME 
FUNGION 


RETRACT 
A logic "0" input causes the 
11 
PWR VC 
Power supply for bridge 
main outputs to tri-state and 
amplifier. 
the retraction circuit to 
activate. This input also 
12 
OUTPUT- 
Output 
terminal for bridge 
functions as a flag output and 
amplifier. 
• 


will go low in the event of an 
13 
PWR GND A 
Ground Terminal for power 
over-temperature 
condition. 
amplifier. 


2 
+12V 
12V power to the circuit and 
14 
CONTROl+ 
Positive input for current 
input to the power fail 
command. 
detection circuit. 
15 
CONTROl- 
Negative input for current 


3 
DISABLE 
A logic "1" turns off the main 
command. 


outputs. 
16 
REF 
Reference input to the Power 


4 
I(RET)SET 
A resistor to ground sets the 
Fail comparator. leave open to 
retract current. 
use internal 2.5V reference. 


5 
HIGH/lOW 
A logic "1" sets the trans- 
17 
12V COMP 
Input to the Power Fail 
conductance gain to 1/4 while 
Comparator. Connect to ari 
a logic "0" sets the gain to 
external resistor divider for the 
1/24. Transconductance gain is 
Ml440Z Internally connected 
voltage across RSENSE 
-7 the 
to a resistor divider from 12V 
input voltage. 
in the ML4406. 


6 
GND 
Analog Signal Ground. 
18 
5V COMP 
Input to the Power Fail 


7 
V(RET) 
Power supply for the retract 
Comparator. Connect to an 
circuit. 
external resistor divider for the 


8 
R(SENSE) 
Current sensing resistor 
ML440Z Internally connected 
to a resistor divider from 5V 
terminal. 
in the ML4406. 
9 
PWR GND B Ground Terminal for power 
19 
+5V 
5V power supply terminal. 
amplifier. 
20 
POWER FAIL Open collector output drives 
10 
OUTPUT+ 
Output terminal for bridge 
low if pin 17 or pin 18 are 
amplifier. 
below pin 16. Normally tied to 
pin 1. 


'Micro 
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Supply 
Voltage 
(Pins 
11, 13, 7, 2) 
14V 


Voltage 
Pins 
19, 1B, 17, 16, 1, 3, 5 
.. 
-.3V 
to 
+7V 


Pins 
14, 15 
-.3 
to 
+Vcc 
Output 
Current 
±750mA 


Retraction 
Current 
............•...•................ 
BOmA 


Retract 
Set Current 
(pin 
4) 
3mA 
Junction 
Temperature 
150"C 


Storage 
Temperature 
Range 
-65"C 
to 
150"C 
Lead 
Temperature 
(soldering 
10 sec.) 
260"C 


Thermal 
Resistance 
(8JA) 
. . . . . . . . . . .. 
60"C/W 


Temperature 
Range 
O°C to 
70°C 


Supply 
Voltage 
(PWR 
VC, 
+12V) 
12V 
± 
10% 


+5V (pin 
19) 
5V ± 
10% 


V(RET) (Pin 
7) 
2.5V 
to 
16V 


Control 
+ Voltage 
Range 
(Pin 
15 = 5V) 
OV to 
Vcc 


Control 
- 
Voltage 
Range 
-1V 
to 
Vcc 
- 
1V 


Absolute maximum ratings are those values beyond which the device 
could be permanently 
damaged. Absolute maximum ratings are 
stress ratings 
only 
and 
functional 
device 
operation 
is not 
implied. 


ELEORICAL CHARAOERISTICS 
Unless 
otherwise 
specified, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 12V, RSENSE= 10, 
RLOAD = 150, 
CONTROL- 
(pin 
15) = 5V, RSET (Pin 
4) = 1.2KO. 


_______ 
PA_RAM 
__ 
E_T_ER 
C_O_N_D_IT_I_O_N_S 
~ 


Offset 
±10 
mA 


Gain 
Pin 5 = 2V 
238 
250 
263 
mAN 


Pin 5 = 0.8V 
39.6 
41.7 
43.8 
mAN 


Bandwidth 
100 
KHz 


Sinking 
Saturation 
lOUT = 100mA 
,r,' 
.6 
V 


lOUT = 300mA 
.8 


lOUT = 500mA 
1.0 


Sourcing 
Saturation 
lOUT = 100mA 
1.2 
V 


lOUT = 300mA 
, 
1.3 


lOUT = 500mA 
1.S 


I(RET)SET 
.- 
f 
.75 
V 


Turn On Time 
300 
ns 


Turn Off Time 
, . 
2 
ms 


I(RET) Current 
Pin 
1 = O.BV 
34 
50 
6S 
mA 


Reference 
Voltage 
. 
2.35 
2.50 
2.65 
V 


Reference 
Source 
Impedance 
. 
2.25 
kO 


Comparator 
Bias Current 
ML4407 
only, 
Pin 20 high 
- 
50 
250 
nA 


Hysteresis 
Current 
Pin 20 low, ML4407 
only 
10 
IJA 


Offset 
Voltage 
ML4407 
only 
10 
mV 


12V Threshold 
ML4406 
only 
9.5 
10 
10.5 
V 


Hysteresis 
ML4406 
only 
120 
mV 


5V Threshold 
ML4406 
only 
4.40 
4.575 
4.75 
V 
Hysteresis 
. 
ML4406 
only 
30 
mV 


Voltage 
High 
(V/H) 
2 
1.4 
V 


Voltage 
Low (V1L) 
1.4 
.8 
V 


Current 
High 
(lIH) 
V1N = 5V 
. 
±10 
IJA 


Current 
Low 
(IlL) 
V1N = OV 
I Except 
Pin 1 
-40 
-10 
IJA 
I Pin 1 Only 
-250 
-160 
IJA 
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Ml4406, Ml440T 


ELEGRICAL 
CHARAGERISTICS 
(Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vcc = 12V,RSENSE 
= 10, RLOAD= 150, 
CONTROL- (Pin 15) = 5V, RSET(Pin 4) = 1.2kO. 


Pin 19 
ILOAD = 0 
1 
2 
mA 


Pin 7 
IRET = 0 
1 
2 
mA 


Pin 2 + Pin 11 
ILOAD = 0 
10 
15 
mA 


The output stage (Figure 2) is designed to provide 
minimal saturation losses and employs a "composite 
PNP" for the sourcing drive and a saturable NPN to sink 
current. Sourcing saturation drop is typically .9V while 
sinking saturation drop is typically < OAY. 


The ML4406 power amplifier circuit is set up as a 
Howland current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 5 high or low respectively). This 
architecture 
yields minimal cross-over distortion while 
maintaining 
low output cross conduction 
currents. The 
gain figure refers to the ratio of input voltage to the 
output voltage seen across RSENSE. 
For example, at a 1/4 
gain setting with V- input at 2.5 and the V+ input at 4.5V, 
+500mA would flow through 
the coil using a 10 sense 
resistor. Under the same conditions 
with pin 5 low, the 
current would 
be 83mA. The ability to change from low 
to high gain allows more complete 
utilization of DAC 


resolution when in the track follow mode. 
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Figure 3. Output 
Saturation 
Voltage 
vs. Output 
Current 
(Power 
Vc = 12V) 
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Power Fail Deted 


The ML4406 power fail detection 
circuit consists of a 


precision trimmed 
reference, resistor dividers, and an 


"or-function" 
comparator with hysteresis. The 10j.lA 


current sink on the comparator 
input lowers the 
comparator's 
positive input by 1SmV when the output 


of the comparator 
is high. This creates an effective 
hysteresis of 30mV at the SV input (on the ML4406). 
The amount of hysteresis and threshold 
levels can be 
programmed 
by external resistor dividers on the 
ML440Z The impedance of the external divider sets the 
amount of hysteresis while the division ratio sets the 
power fail threshold. The output at pin 20 is open- 
collector 
and is normally tied to pin 1 which is 
internally pulled-up 
to Sy' 


The retract circuit features a current sink which is 
programmed 
via external resistor from pin 4 to ground 


(RRET).The output of the retract circuit is voltage 
limited to 1.4Y.The current sink provides an 
acceleration limit during retract while the voltage 
limited source provides a velocity limit. Pin 1 (Retract 
Input) also serves as a flag to indicate an over- 
temperature 
condition 
on the die. Pin 1 goes low in 


the event of over-temperature, 
which occurs when the 
die temperature 
exceeds a safe operating limit (about 


160"C). 


The retraction current is set by programming 
RRET 


(figure 4). The retract circuit works down to 3V on 
VRETRACT 
(Pin 7). 


Compensation 


Figure 6 shows the equivalent AC circuit for the 
transconductance 
amplifier. 


The amplifier's 
current bandwidth 
is limited 
by COUT 


which varies with the value chosen for RSENSE 


. 
2SnF 


COUT= 
--- 
RSENSE 


With no snubber (RSand CS) the bandwidth 
is limited 


to 


1 
. 
/ 
2.414 


2rr V L(M) C(OUT) 


Since this is a second order system with L(M) and 
C(OUT) forming 
a resonant circuit, some damping 
is 
desirable to reduce ringing in the step response. This 
is accomplished 
with a resistive snubber. The optimum 


value of R(S)occurs when the following 
condition 
is 
met: 


L(VCM) 


C(OUT) 


For a given C(S), setting R(S)to this value will minimize 
the ringing 
in the transient response. Larger values of 
R(5)will result in more ringing and more bandwidth. 
Smaller values of R(S)will result in more ringing and 
less bandwidth. 
R(S)should not exceed 3000. 


~ 
"'" 


':--. 


I'-- - 


Rm (n) 


Figure 4. Retract Current vs. RSET 


HIGH GAIN I 
/ 
/ 
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10 
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Figure 5. Total Harmonic distortion vs Frequency 
Low Gain Setting (VPINs = 0), RsENSE= 10, VIN = 2.4Vp_p 
High Gain Setting (VPINs = 0), RsENSE= 10, V1N= 0.4Vp_p 


Figure 6. AC Equivalent Circuit for Current Amplifier, 


Voice Coil Motor (VCM) and Snubber. 


C(5) (snubber capacitor) values of between 200nF and 
lj.1Fare usually necessary to achieve the desired 
reduction 
of ringing in the step response. At the 
optimum 
value of R(S)larger values of C(S) further 
reduce the ringing but do not affect the bandwidth. 


Tuning the current 
loop response can be easily done 
simulating the network 
in figure 6 with a computer 
simulator (such as SPICE). 
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PART NUMBER 


ML4406CQ 
ML4407CQ 


TEMP. RANGE 


O°C to +70°C 
O°C to +70°C 


PACKAGE 


MOLDED 
PCC (Q20) 


MOLDED 
PCC (Q20) 


• 
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ML4408 


Low Voltage Drop Voice Coil Servo Driver 


The ML4408 is a voice coil power driver intended for 
use in High Performance 12V Hard Disk servo systems. 
The ML4408 contains all control 
circuitry 
necessary to 
drive the voice coils of most small drives. To maximize 
compliance 
voltage, the ML4408 includes two 1-Amp 


NPN drivers and provides drivers for external PNP 
transistors. In addition, power fail detection 
and a low 


voltage head retraction functions are provided for 
orderly shut-down 
of the drive. 


The transconductance 
is programmed 
by a logic input 


at 1/4 AN 
and 1/24 AN 
respectively, when using a 10 


sense resistor. This allows for greater DAC resolution in 
digitally controlled 
servos during track follow without 


compromising 
dynamic range during seek. 


The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. 
Retract is self-contained for 12V systems but allows the 
use of an external PNP retraction with as little as 1V of 
back EMF from the spindle. 


The power fail detection 
circuit 
includes a precision 
1.5V bandgap reference and a power fail comparator. 


The ML4408 is implemented 
using Micro Linear's 


bipolar array technology. This allows for customization 
of the IC for a user's specific application. 


• Low saturation voltage «1V 
at 1A) 


• No cross-over distortion 
with 
low quiescent 


current 
• Pin-programmable 
transconductance 
settings 


• Retraction circuitry 
with 
programmable 
retract 


voltage and separate power pin 
• On-chip 
precision 
power fail detect circuitry 


• Over-temperature 
protection 
with flag output 


r =--------- 
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Ml4408 
24-Pin sOle 


vcc 


DISA8lE 
IPWR DOWN) 


HIGH/row 


RETR OUT 


RET SET 


GND 


RISENSE) 


VIREn 


SOURCE 
8 


PWR GND 
8 


SINK 8 


SOURCE 
A 


12V SENSE 


RETRACT 


POWER 
fAil 


5V SENSE 


COMP2 


COMPI 


CONTROl- 


CONTROl+ 


PWR GND 
A 


SINK A 


SINK A REf 


PIN II 
NAME 
FUNCTION 
PIN II 
NAME 
FUNCTION 


1 
Vcc 
Supply input to power amplifiers. 
12 
SOURCE A 
PNP Base drive output for non- 


2 
DISABLE 
A Logic "1" puts the IC into a low 
inverting power amplifier. 


(PWR DOWN) 
power state and disables the 
13 
SINK A REF 
Kelvin sensing point for power 


power amplifiers. 
amplifier. Connect to SINK A. • 


3 
HIGH/LOW 
A logic "1" sets the 
14 
SINK A 
Current sinking output for non- 


transconductance 
gain to 1/4 
inverting power amplifier. 


while a logic "0" sets the gain to 
Connects to voice coil (+) terminal. 


1/24. Transconductance gain is the 
1S 
PWR GND A 
Power return pin for non-inverting 


VRSENSE7 VCONTROL. 
power amplifier. Normally used for 


4 
RETROUT 
Open collector 
output which pulls 
current sensing. 


low during retract. Used to drive 
16 
CONTROL'" 
Positive input for current 
external power transistor to 
command. 
source retract current to the coil 
and can provide a braking signal 
17 
CONTROL- 
Negative input for current 


to spindle. 
command. 


S 
RETSET 
External set resistor to establish a 
18 
COMP1 
Pin for external compensation 
voltage limit for the internal 
capacitor. 


retract driver. 
19 
COMP2 
Pin for external compensation 


6 
GND 
Analog signal ground. 
capacitor. 


7 
R(SENSE) 
Current sense resistor terminal. 
20 
SV SENSE 
Center node of a resistor divider 


8 
V(RET) 
Supply pin for retract circuits. 


from +Sv. 


21 
+SV 
Input for +SV for power fail 
9 
SOURCE B 
PNP Base drive output for 
detection 
and logic power supply. 
inverting power amplifier. 


22 
POWER FAIL Open Collector 
output drives low 
10 
PWR GND B Power return pin for inverting 
for low voltage conditions. 
power amplifier. Normally used for 
current sensing. 
23 
RETRACT 
A logic "0" initiates retract. Also 


11 
SINK B 
Current sinking output for 
used as an open-collector 
over- 


inverting power amplifier. 
temperature 
output flag. 


Connects to voice coil H terminal. 
24 
12V SENSE 
Input to the power fail 
comparator from a resistor divider 
from Vcc. 


O~Micro Linear 
5-89 


rdllFIg3 dre ~uess rallngs omy ana JunCtional aevlce operation 
is not 
implied. 


YLL 
•.••""'1'-' •..• '1 
YVIlQ5iC 


12V operation 
.......................•....... 
10.BV to 13.2V 


+5V (pin 21) Supply 
Voltage 
4.5V to 5.5V 
V(RET) (pin 
B) Supply 
Voltage 


12V operation 
2.5V to 13.2V 
Control 
+ Voltage 
Range (pin 15 = 5V) 
OV to Vcc 


Control 
- Voltage 
Range 
2V to Vcc 
- 1.5V 


Supply 
Voltage 
(pins 1, B) ....................•........... 
14V 
Voltage 
pins 2, 3, 23 .........................•... 
-.3V to +7V 
pins 4, 7, 9, 11, 12, 13, 14, 16, 17, 22 
-.3V 
to Vcc 
Output 
Sink Current 
±lA 


Retraction 
Current 
BOmA 


Retract Set Current 
(pin 5) 
3mA 
Junction 
Temperature 
150·C 
Storage Temperature 
Range 
-65·C 
to +150·C 
lead 
Temperature 
(Soldering 
10 see) 
150·C 
Thermal 
Resistance 
(8JA) 
60·C/W 


ELEORICAL CHARAOERISTICS 
Unless 
otherwise 
specified, 
TA = Operating 
Temperature 
Range, 
Vcc 
= Operating 
Range, 
RSENSE= 10, RCOIL = 150, 


CONTROL- 
(pin 
17) = VCC1"b Cl 
= 30pF, Ql, 
Q2 = MjE210, RSET = 3.7KO. 


MAX 
I 
UNITS 


Offset 
±10 
mA 


Gain 
Pin 5 = 2V 
23B 
250 
263 
mAN 


Pin 5 = O.BV 
39.6 
41.7 
43.B 
mAN 


Bandwidth 
. 
100 
KHz 


Sinking 
Saturation 
lOUT = 100mA 
.3 
V 


lOUT = 300mA 
.4 
V 


lOUT = 500mA 
.5 
V 


Sourcing 
Saturation 
lOUT = 100mA 
.1 
V 


lOUT = 300mA 
.2 
V 


lOUT = 500mA 
.3 
V 


Source 
A/B Base Drive 
20 
mA 


Ql/Q2 
Standby 
Current 
. 
Vp1N 16 = 5V 
4 
mA 


I(RET) SET 
.75 
V 


Turn On Time 
BOO 
ns 


Turn Off Time 
B 
/lS 


Source 
Voltage 
VP1N 23 = O.BY, Vp1N 8 = 3V, 
0.95 
1.2 
1.5 
V 


IplN 
7 = SOmA 


Sink Current 
VP1N 23 = O.BY, VP1N 8 ~ 1.2V, 
36 
48 
60 
mA 
VP1N 11 ~ 0.5V 


RETR OUT 
VOL 
VP1N 23 ~ O.BY, IP1N 4 = lmA 
0.1 
0.4 
V 


12V Threshold 
9.5 
10 
10.5 
V 


Hysteresis 
- 
12V Sense 
120 
mV 


5V Threshold 
. 
4.40 
4.575 
4.75 
V 


Hysteresis 
- 
SV Sense 
30 
mV 
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ElEGRICAl 
CHARAGERISTICS 
(Continued) 


Unless otherwise 
specified, TA = Operating 
Temperature 
Range, Vcc = Operating 
Range, RSENSE= 10, RcOIL = 150, 


CONTROl- 
(pin 17) = VCcrb C1 = 30pF,Q1, Q2 = MJE210,RSET = 3.7KO. 


PARAMETER 


Logic Inputs and Outputs 


'--- 
C_O_N_D_IT_I_O_N_S 
M_I_N 
TY_P 
MAX 
__ 
I 
UNITS 


Voltage High (VIH) 
2 
1.4 
V 


Voltage Low (VIL) 
1.4 
.8 
V 


Current High (IIH) 
VIN = 5V 
±10 
/lA 


Current Low (IlL) 
VIN = 0\1,except pin 23 
-40 
-10 
/lA 


VIN = 0\1,pin 23 only 
-2S0 
-160 
/lA 


Voltage Low (pins 22, 23) 
1m = 1mA 
.4 
V 


Over-lemperatureDetection 


TJ Threshold 


Hysteresis 


Current Consumption 


Pin 21 
Pin 21 = 5.5V 
5 
7 
mA 


Pin 1 
Vcc = 13.2\1, VP1N16 = VCCl2 
5 
10 
mA 


Pin 8 
VP1N6 = 13.2\1, VPIN23= 5V 
3.5 
5 
mA 


POWER AMPLIFIER 


The Ml4408 
power 
amplifier 
circuit 
(figure 1) is set up 


as a Howland 
Current 
source with a fixed gain of 1/4 


or 1/24 (set by driving 
pin 3 high or low respectively). 
This architecture 
yields minimal 
cross-over distortion 


while 
maintaining 
low output 
cross conduction 


currents. 
The gain figure 
refers to the ratio of input 


voltage to the output 
voltage seen across RSENSE.For 


example, at a 1/4 gain setting, with V(-) input at 2.5V 
and the V(+) input 
at 4.5V, +500mA would 
flow through 


the coil using a 10 sense resistor. Under the same 
conditions 
with 
pin 3 low, the current 
would 
be 83mA. 


If lower 
input 
voltage swings and higher currents 
are 


desired, the overall transconductance 
gain may be 


increased 
by using a lower value of sense resistor, 
however 
offset current 
will 
increase proportionally. 
The 


ability to change from 
low to high gain allows more 


complete 
utilization 
of DAC resolution 
when 
in the 


track follow 
mode. 


The output 
stage is designed to provide 
minimal 


saturation 
losses and employs an external 
PNP transistor 


for the sourcing 
drive and an internal 
saturable NPN to 


sink current. 
Sinking saturation 
drop 
is typically 
under 


OAV. Sourcing 
saturation 
drop 
depends 
on the external 


transistors 
used. 


Care should 
be taken to avoid drawing 
substrate 


currents 
due to negative excursions 
on any pin of the 
Ml4408. 
Schoktty 
diodes should 
be included 
on both 


sides of the VCM to prevent 
negative excursions 
from 


forward 
biasing the substrate diodes on the Ie. 


• 


Figure 1. Simplified Power Amplifier Schematic 
(High Gain Mode) 


Two areas should 
be considered 
to avoid high 
frequency 
oscillation 
in the output 
stage: 


1. Choose external 
PNP transistors with 
aFT of at least 


50MHz. 


2. An RC compensation 
network 
should 
be used to 


cancel the zero presented 
to the output 
by the lIR 
of the voice coil motor 
as shown 
in figure 2. 


Figure 2 shows the equivalent 
AC circuit 
for the 


current 
amplifier. 


'-Micro 
Linear 


ML4408 


r------, 


: 
VCM 
: 


Ie 
IVCM I 
I 
I 
I 
I 
I 
I 


COUT 
lM 
: 
I 
I 


eM 
: 
___ 
J 


Figure 2. AC Equivalent Circuit for Current Amplifier, 


Voice Coil Motor (VCM) and Snubber. 


The amplifier's current bandwidth 
is limited by COUT 
which varies with the value chosen for RSENSE 


C 
- 
1200x(CCOMP+ 12.8pF) 
OUT - 


RSENSE 


Where CCOMPis C1 between pins 18 and 19. With no 
snubber (Rs and Cs) the bandwidth 
is limited to 


F 
- 
1 
. 
/ 
2.414 


-3dB 
- 
27T V 
L(M) C(OUT) 


Since this is a second order system with l(M) and 
C(OUT) forming a resonant circuit, some damping is 
desirable to reduce ringing in the step response. This is 
accomplished with a resistive snubber. The optimum 
value of R(S)occurs when the following 
condition 


is met: 


Figure 3. Output 
Current 
V1N= 100 Hz Sine Wave, lVp_p 


Low Gain Mode (VPIN3 = 0), RSENSE= 10 


For a given C(S),setting R(S)to this value will minimize 
the ringing in the transient response. Larger values of 
R(S)will result in more ringing and more bandwidth. 
Smaller values of R(S)will result in more ringing and 
less bandwidth. C(S)(snubber capacitor) values of 
between 200nF and 1pF are usually necessary to 
achieve the desired reduction 
of ringing in the step 


response. At the optimum 
value of R(S)larger values of 
C(S)further reduce the ringing but do not affect the 
bandwidth. 


Tuning the current loop response can be easily done 
simulating the network in figure 2 with a computer 
simulator (such as SPICE). 


POWER FAil DETED CIRCUIT 


The ML4408 circuit consists of a precision trimmed 
reference, resistor dividers and an "or function" 
comparator with hysteresis. The output (open collector) 
of this circuit appears on pin 22. When either 
comparator input (pins 20 and 24) falls below the 1.5V 
reference, pin 22 pulls low. 


RETRAD CIRCUITS 


When pin 23 goes low, pin 4 will pull low. The internal 
NPN transistor will saturate, pulling SINK B (pin 11) low. 
This portion of the circuit will function 
with less than 


1V on V(RET).An internal voltage limited pull-up 
transistor is provided which sources current on pin 7 to 
the VCM. This circuit will operated reliably down to a 
V(RET)voltage of around 2.sV, making the ML4408 
retract circuit adequate for 12V systems where the 
spindle motor EMF provided is adequate. 


Figure 4. Output 
Current 
V1N= 1 KHz Sine Wave, 


lVp_p Low Gain Mode (VPIN3 = 0), RSENSE= 10 
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Figure 5. Output 
Saturation Voltage vs Output 
Current 
(Ql = Q2 = MJE210) 
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Figure 6. Output 
Saturation Voltage vs 


Output Current with BSR31 
(Ql 
= Q2 = BSR31) 
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SensorlessSpindle Motor Controller 


The ML4410 provides complete commutation 
for delta 
or wye wound 
Brushless DC (BLDC) motors without 


the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation 
phase angle using phase lock loop 


techniques. This technique 
will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 


Included in the ML4410 is the circuitry 
necessary for a 
Hard Disk Drive microcontroller 
driven control 
loop. 


The ML4410 controls motor current with either a 
constant off-time PWM or linear current control 
driven 


by the microcontroller. 
Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation 
is performed 


by the ML4410. Braking and Power Fail are also 
included 
in the ML4410. 


Two different start-up sequencing (minimum start-up 
time or minimum 
reverse rotation at start up) 
algorithms are supported 
by the ML4410. Since the 
timing of the start-up sequencing is determined 
by the 


micro, the system can be optimized 
for a wide range 
of motors and inertial loads. 


The ML4410 modulates the gates of external N-channel 
power MOSFETsto regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 


• Back-EMF Commutation 
Provides Maximum 
Torque 


for Minimum 
"Spin-Up" 
Time for Spindle Motors 


• Accurate, Jitter-Free Phase Locked Motor 
Speed 


Feedback Output 
• Linear or PWM Motor 
Current 
Control 
• EasyMicrocontroller 
Interface for Optimized 
Start- 
Up Sequencing 
and Speed Control 
• Power Fail Detect Circuit 
with 
Delayed Braking 


• Drives External N-Channel 
FETsand PNP's or 


P-Channel FETs 
• 


,--------- 
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ML4410 
28-Pin pee (Q28) 


PNP2 
GND 
IIUMln 


VCC2 I 
PNP1 
!IICMD) I 
BRAKE 


25 
VCC 


24 
PH] 


23 
PH2 


22 
PHI 


21 
IlRAMPI 


20 
RC 


COlA 


OTA OUT 


OTA IN 


IISENSE) I Cvco 
I RESET I ENABLE EtA 
Cas 
vco 
PWRFAIL 


OUT 


TOP 
VIEW 


PIN DESCRIPTION 


PIN ** 
NAME 
FUNalON 
PIN ** 
NAME 
FUNalON 


1 
GND 
Signal and Power Ground. 
16 
RESET 
Input which 
holds the VCO off 


2 
PNP1 
Drives the external PNP power 
and sets the ML4410 to the 


transistor driving motor PH1. 
RESETcondition. 


3 
PNP2 
Drives the external PNP power 
17 
PWR FAIL 
A "0" output 
indicates 5V or 12V 


transistor driving motor PH2. 
is under-voltage. 


4 
Vee2 
12V power and power for the 
18 
ENABLEE/A 
A "1" logic input enables the 


braking function. 
error amplifier and closes the 


5 
PNP3 
Drives the external PNP power 
back-EMF feedback loop. 


transistor driving motor PH3. 
19 
+5V 
5V power supply input. 


6 
CaTA 
Compensation 
capacitor for 
20 
RC 
VCO loop filter components. 


linear motor current amplifier 
21 
I(RAMP) 
Current into this pin sets the 


loop. 
initial acceleration rate of the 


7 
OTA OUT 
Output 
of motor current error 
VCO during start-up. 


amplifier, normally connected to 
22 
PH1 
Motor Terminal 1. 


OTA IN or to external MOSFET 
23 
PH2 
Motor Terminal 2. 
gate. 


8 
OTA IN 
Driving voltage for N1-N3. 
24 
PH3 
Motor Terminal 3. 


Normally tied to OTA OUT. 
25 
Vee 
12V power supply. Terminal 


9-11 
N1, N2, N3 
Drives the external N-channel 
which is sensed for power fail. 


MOSFETsfor PH1, PH2, PH3. 
26 
BRAKE 
A "0" activates the braking 


12 
I(SENSE) 
Motor current sense input. 
circuit. 


13 
Cas 
Timing capacitor for fixed off- 
27 
1(L1MIT) 
Sets the threshold for the PWM 


time PWM current control. 
comparator. 


14 
Cvea 
Timing capacitor for VCO. 
28 
I(CMD) 
Current Command for Linear 


15 
VCO OUT 
Open Collector 
Logic Output 


Current amplifier. 


from VCO. 


'Micro 
Linear 


ABSOLUTE 
MAXIMUM 
RATINGS 


Absolute 
maximum 
ratings are those values beyond 
which 
the 
device 
could 
be permanently 
damaged. 
Absolute 
maximum 


ratings are stress ratings only 
and functional 
device 
operation 


is not implied. 


Lead Temperature 
(Soldering 
10 sec) ...........•....... 
150°C 


Thermal 
Resistance 
(BjA) .. 
60°C/W 


Supply 
Voltage 
(pins 4, 25) 
. . . .•. . . . . . . . . . . .. 
14V 


Output 
Current 
(pins 2, 3, 5, 9, 10, 11) .....•...... 
±150mA 


Logic 
Inputs 
(pins 16, 17, 18, 26) 
-0.3 to 7V 


Junction 
Temperature 
150°C 


Storage Temperature 
Range 
...•............ 
-65°C 
to +150°C 


Temperature 
Range 
O°C to +70°C 


Vcc 
Voltage 
+12V (pin 25) 
..........•...•......... 
12V ± 10% 


+5V (pin 19) ..........................•.......... 
5V ± 10% 


I(RAMP) Current 
(pin 21) ................•......... 
0 to 100/lA 


I Control 
Voltage 
Range (pins 27, 28) 
OV to 7V 


ELEORICAL 
CHARAOERISTICS 


Unless otherwise 
specified, TA = Operating 
Temperature 
Range, Vcc 
= VCC2 = 12\1,RSENSE= H1, COTA = Cvco 
= .00IlF, 
Cos = .04lF 


MAX 
I 
UNITS 


Frequency 
vs. VP1N20 
1V :s Vp1N20:s 10V 
300 
HzlV 


Frequency 
Vyco 
= 6V 
1450 
1800 
2150 
Hz 


VyCO = .5V 
70 
140 
210 
Hz 


Reset Voltage 
at CYco 
Mode 
= 0 
125 
250 
mV 


VRC 
Mode 
0 
125 
250 
mV 


IRC 
Mode 
1, RRAMP= 39KO 
70 
100 
130 
/lA 


Mode 
2A, VPH2 = 4V 
30 
50 
70 
/lA 


Mode 
2A, VpH2 = 6V 
-15 
2 
+15 
/lA 


Mode 
2A, VpH2 = 8V 
-30 
-50 
-70 
/lA • 
I(SENSE)Gain 
VP1N27 = 5\1, OV :s VP1N28 :s 2.5V 
4.5 
5 
5.5 
VIV 


One 
Shot Off Time 
12 
25 
33 
J.IS 


I(CMD) Transconductance 
Gain 
.19 
mmho 


12V Threshold 
9.1 
9.8 
10.5 
V 


Hysteresis 
150 
mV 


5V Threshold 
3.8 
4.25 
4.5 
V 


Hysteresis 
70 
mV 


Voltage 
High 
(V1H) 
I 
. 
2 
V 


Voltage 
Low (V1l) 
.8 
V 


Current 
High 
(IIH) 
V1N = 2.7V 
-10 
1 
10 
/lA 


Current 
Low (Ill) 
V1N = OAV 
-500 
-350 
-200 
/lA 
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ELEURICAL CHARAUERISTICS 
(Continued) 
Unless otherwise 
specified, TA = Operating 
Temperature 
Range, Vcc = VCC2 = 12Y, RSENSE= 10, COTA= CvCO = ·01tiF, 
Cos 
= .02pF 


PARAMETER 
L 
CONDITIONS 
MIN 
lYP 
MAX 
UNITS 


Outputs 
I(CMD) = 1(L1MIT)= 2.5V 


IpNP Low 
50 
75 
100 
mA 


IpNP High 
Off State 
-100 
100 
J1A 


VN High 
VP1N 8 = 10V 
9.7 
10 
10.3 
V 


VN Low 
0 . 
-'., 
.2 
.7 
V 


Av Pin 8 to VN 
VP1N 8 = 6V 
.95 
1 
1.05 
VIV 


LOGIC Low 
lOUT 
= O.5mA 
.4 
V 


LOGIC lOUT High 
5 
J1A 


Supply Currents 
(N and PNP Outputs Open) 


5V Current 
2 
4 
mA 


Vcc Current 
38 
50 
mA 


VCC2 Current 
4 
10 
mA 


The ML441 0 provides closed-loop 
commutation 
for 


3-phase brush less motors. To accomplish 
this task, a VCO, 


integrating 
Back-EMF Sampling error amplifier 
and 


sequencer form a phase-locked 
loop, locking the vca to 
the back-EMF of the motor. The IC also contains circuitry 
to control 
motor current with either linear or constant off- 
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML441 0 is 
designed to drive external power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 


Start-up sequencing and motor speed control are 
accomplished 
by a microcontroller. 
Speed sensing is 


accomplished 
by monitoring 
the output of the vca, 


which 
will 
be a signal which 
is phased-locked 
to the 


commutation 
frequency of the motor. 


The ML441 0 contains a patented back-EMF sensing circuit 
which 
samples the phase which 
is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator 
(VCO) frequency. A late 


commutation 
causes the error amplifier 
to charge the filter 


(RC) on pin 20, increasing the VCO input while early 
commutation 
causes pin 20 discharge. Analog speed 
control 
loops can use pin 20 as a speed feedback voltage. 


The input impedance of the three PH inputs is about 8KO 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided 
down in voltage so that the 


maximum 
voltage at any PH input does not exceed VCC. 


See ML4411 data sheet for applications. 


VCO AND 
PHASE DETECTOR 
CALCULATIONS 


The VCO should be set so that at the maximum 
frequency 


of operation 
(the running speed of the motor) 
the VCO 


f~;;p-;:~ 
~E~1 


I 
I 


I 
R 
: 
:cqi 
I 
C21 
I 
I 


I 
I 
I 
_ 
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1 
:. 
__ 
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Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation), 


control 
voltage will 
be no higher than VCCM1N- 1V. The 
VCO maximum 
frequency will be: 


FMAx= 0.05 x POLESx RPM 


where POLES is the number of poles on the motor and 
RPM is the maximum 
motor speed in Revolutions 
Per 


Minute. 


The minimum 
VCO gain derived from the specification 


table (using the minimum 
Fvco at Vvea = 6V) is: 


2.42 xl0-6 
KVea(MIN) = 
C 
vea 


Assuming that the VVea(MAX) = 9.5V, then 


Cvea = 9.5 x 2.42 x 10-6 


FMAX 


c 
- 
460 
F 


vea - POLES xRPM Il 


Figure 4 shows the transfer function 
of the Phase Lock 


Loop with the phase detector formed from the sampled 
phase through the Gm amplifier 
with the loop filtered 


formed by R, Cl, 
and C2. 


~ 
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~ 
1500i1000 
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ZRc(S)= 
1 (s+ WLEAD) 


CIS (S+WLAG) 


Where the lead and lag frequencies are set by: 


1 
wLEAD= RC2 


C1+C2 


WLAG= RC 
1C2 


Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between WLEAD= 10 x WLAGproduces the following 
calculations 
for R, C1 and C2: 


C1 z 
8.06xl0-9 


Cvea xF0ea 
• 


START-UP SEQUENCING 


When the motor is intitially 
at rest, it is generating no 


back-EMF. Because a back-EMF signal is required for 
closed loop commutation, 
the motor must be started 


"open-loop" 
until a velocity 
sufficient to generate some 


back-EMF is attained (around 100 RPM). The following 
steps are a typical 
procedure for starting a motor which 
is 
at rest. 


Step 1: The IC is held in reset (state R) with full power 
applied to the windings 
(see figure 6). This aligns the rotor 
to a position which 
is 30° (electrical) 
before the center of 


the first commutation 
state. 


Step 2: Reset is released, and a fixed'current 
is input to 


pin 21 and appears as a current on pin 20, and will 
ramp 


the VCO input voltage, accelerating 
the motor at a fixed 


rate. 


Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling 
pin 18 high . 
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OUTPUTS 
INPUT 
STATE 
N1 
N2 
N3 
PNP1 
PNP2 
PNP3 
SAMPLING 


R or 0 
OFF 
ON 
OFF 
ON 
OFF 
ON 
N/A 


A 
OFF 
OFF 
ON 
ON 
OFF 
OFF 
PH2 


B 
OFF 
OFF 
ON 
OFF 
ON 
OFF 
PH1 


C 
ON 
OFF 
OFF 
OFF 
ON 
OFF 
PH3 


0 
ON 
OFF 
OFF 
OFF 
OFF 
ON 
PH2 


E 
OFF 
ON 
OFF 
OFF 
OFF 
ON 
PH1 


F 
OFF 
ON 
OFF 
ON 
OFF 
OFF 
PH3 


RESETI 
: 
OPEN-LOOP 


ALIGN 
I 
(STEPPING) 
PI, P3, N2 ON 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
------------~------------ 
I 


Pin 
Pin 
Pin 
HliMIn 


Step 
16 
18 
21 
I((MD) 


1 
0 
0 
Fixed 
IMAX 


2 
1 
0 
Fixed 
IMAX 


3 
1 
1 
0 
IMAX 
I 
--------T-------- 


I 
I 
I 
I 
I 
I 
I 


Using this technique, 
some reverse rotation is possible_ 
The maximum 
amount of reverse rotation is 360/N, where 
N is the number of poles_ For an 8 pole motor, 45° reverse 
rotation 
is possible_ 
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ADJUSTING 
OPEN 
lOOP 
STEP RATE 


IRAMPshould be set so that the VCO's frequency ramp 
during "open loop stepping" 
phase of motor starting is less 


than the motor's acceleration 
rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(VP1N20) ramp rate is given by: 


dVveo 
_ IRAMP 


dt 
- C1+C2 


4x10-6 
KVeO(MAX)= --- 


Cveo 


then combining 
the 3 equations IRAMPcan be calculated 


from the desired maximum 
open loop stepping rate the 
motor can follow. 


I 
dFyeo Cveo x (C1+ C2) 
RAMP< 
dt 
4x10-6 


The motor will sfart more consisfently 
and tolerate a wider 


variation 
in open loop step rate if there is some damping 
on the motor (such as head drag) during the open loop 
modes. 


The tolerance of the open loop step VCO acceleration 


( d~~o 
) depends on the tolerances of Kveo, IRAMP,C1, 


C2, and Cveo. 
For more optimum 
spin up times, these 
variables can be digitally 
"calibrated" 
out by the 


microprocessor 
using the following 
procedure: 


1. Reset the IC by holdi~g pin 16 low for at least 5~s. 


2. Go into open loop step mode with no current on 
the motor and measure the difference 
between the 
first two complete VCO.periods 
with the PWM signal 


at 50% duty cycle: 


ENABLE E/A = (see below) 
I(CMD) = OV 
PWM OUT = 50% . 


3. Compute a correction 
factor to adjust IRAMPcurrent 
by changing the PWM duty cycle from the Micro 
(D.C.) 


D.C.(NEW) = 50% x 
~Fyco (DESIRED) 


~Fyco(MEASURED) 


4. Use new computed 
duty cycle for open loop 


stepping mode and proceed with a normal start-up 
sequence. 


If this auto calibration 
is used ENABLE E/A can be tied 


permanently 
high, eliminating 
a line from the Micro. 


Since there is offset associated with the Phase Detector 
Error Amp (E/A), more current than is being injected by 
IRAMPmay be taken out of pin 20 if the offset is positive 
(into pin 20) if the error amp were enabled during the 
open loop stepping mode. In that case, Vveo would 
not 


rise and the motor would 
not step properly. The effect of 


E/A offset can also be canceled out by the auto calibration 
algorithm 
described above allowing 
the E/A to be 


permanently 
enabled. 


PWM 
AND 
LINEAR CURRENT 
CONTROL 


To facilitate 
speed control, 
the ML441 0 includes two 
current control 
loops - 
linear and PWM (figur~ 9). The 


linear control 
loop senses the motor current on the 


I(SENSE)terminal through RSENSE.An internal current 
sense amplifier's 
(A2) output modulates the gates of the 3 
N-channel 
MOSFET's when OTA OUT is tied to OTA IN, 


or can modulate a single MOSFET gate tied to OTA OUT. 
When operated in this mode, OTA IN is tied to 12V, and 
N1-N3 are saturated switches. This method produces the 
lowest current ripple at the expense of an extra MOSFET. 


The linear current control 
modulates the gates of the 
external MOSFET drivers. Amplifier 
A2 is a 


transconductance 
amplifier 
which 
amplifies the difference 


between I(CMD) and I(SENSE).The transconductance 
gain 
of A2 is: 
• 


gm=1.875x10-4U 


The current loop is compensated 
by COTAwhich 
forms a 


pole given by 


Wp - 9.375 x 10-4 


COTA 


This time constant should be fast enough so that the 
current loop settles in less than 10% of Tveo at the 
highest motor speed to avoid torque ripple to VTH 
mismatch of the N-Channel 
MOSFETs, or use a separate 


MOSFET in series with N1-N3 with a lower time constant. 


The ML441 0 also includes a current mode constant off- 
time PWM circuit. 
When motor current builds to the 


threshold set on '(LIMIT) input (pin 27), a one-shot is fired 
whose timing is set by Coso The current in the motor will 
be controlled 
by the lower of pin 27 and pin 28 . 
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The I(SENSE)input pin should be kept below 1V. If 
I(SENSE)goes above 1V, a bias current of about -300~ 
will flow out of pin 12 and the N outputs will 
be 
inhibited. 
Bringing I(SENSE) below.7V 
removes the bias 


current to its normal level. For this reason, the nOise frlter 
resistor on the I(SENSE)pin (1KQ on Figure 11) should be 
less than 1.SKQ. 


The noise filter time constant should be less than 1!J.Sto 
avoid excessive phase shift in the I(SENSE)signal. 


V 


",,/ 
/' 
/ 


"" 


'g 
~ 30 
~ 
20 


o 0 
0.01 
0.02 
0.03 
0.04 
0.05 


CIOS) 


Figure 8. I(UMln Output Off-Time 
vs. Coso 


OUTPUT DRIVERS 


The motor's source transistor drivers are open-collector 
NPN's with internal SOKQ pull-up 
resistors, whose current 


is controlled 
according 
to the current demanded through 
the motor. To conserve power, the ML441 0 sets the 
current to PNP1, PNP2, and PNP3, proportional 
to the 


lower of pin 27 and pin 28. 


Drivers N1 through N3 are totem-pole 
outputs capable of 
sourcing and sinking 1OmA. Switching 
noise in the 


external MOSFETs can be reduced by adding resistance in 
series with the gates. 


BRAKING 


Applying 
a 0 on pin 26 activates the braking circuit. 
The 


brake circuit turns on PNP1 through PNP3 and turns off 
NPN1 and NPN3. 


OTA 
OUT 
7 


CorA 
6 
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lOp/' 


1IJW 
PWR FL 
2.2K 
EN 
E/A 


ENABLE 
ERROR 
AMP 


K (FROM 
MICRO) 
-= 


POWER 
FAIL TO 
MICRO 


K RESET (FROM 
MICRO) 


VCO 
OUT 
• 
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Symbol 
Value 


A1 
lM358 


Q1 
74HC14 


D1, D2 
1N4148 


R1 
1MO 


R2 
1MO 


R3 
100KO 


Symbol 
Value 


R4 
100KO 


R5 
50KO 


R6 
50KO 


C1 
3.3JlF 


C2 
3.3JlF 


C3 
.47JlF 


Figure 11 shows a typical application 
of the ML441 0 in a 
hard disk drive spindle control. Although 
the timing 
necessary to start the motor in most applications 
would 
be 


generated by a microcontroller, 
Figure 12 shows a simple 


"one-shot" 
start-LJPtiming approach. 


Speed control 
can be accomplished 
either by: 


1. Sensing the VCO OUT frequency with a 


Microcontroller 
and adjusting I(CMD) via an analog 


output from the Micro (PWM DAC). 


2. Using analog circuitry 
for speed control 
(Figure 13). 


OUTPUT 
STAGE HINTS 


Q1, Q2, and Q3 are MJE210 or equivalent. 
Q4, QS, and 


Q6 are IRFU01 0 or equivalent. 
Base resistors (100m 
are 
included 
to reduce power dissipation 
in the IC during 


start-up. If requested currents are low, these can be 
eliminated. 
Switching 
transients due to commutation 
can 


be reduced by increasing the 470n 
gate resistors on 


Q4-Q6. 


Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction 
can 


occur. Cross-conduction 
is the condition 
where an N-FET 


and PNP in the same phase of the bridge conduct 
simultaneously. 
This could happen under two conditions 


(see figure 14): 


1. When transitioning 
from mode 0 to mode A (see table 
1) or from braking to mode R, a PNP goes from on to 
off at the same time N goes from off to on in the same 
phase. If the PNP turns off slowly and N turns on 
quickly, cross-conduction 
may occur. This condition 


has been prevented inside the IC on later revisions of 
the ML441 O. Consult your Micro 
Linear representative 


for date code information. 
On earlier revision parts, 


forcing the PNP to turn off more quickly 
than the NPN 


turns on will 
minimize 
the cross-conduction 
current. 


2. When the MOSFET (or PNP) in the same phase 


switches on gate current flows due to capacative 
coupling 
of current through the FEr's drain to gate 


capacitance 
(or PNP's Miller 
Capacitance). 
This could 
cause the device that was off to be turned on. 


In Condition 
2 above, the PNP is pulled up inside the 


ML4410 with a SOKn resistor. If the current through C(CB) 
is greater than O.7V + SOKwhen the N-FET turns on, the 
PNP could turn on simultaneously, 
causing cross- 


conduction. 
Adding R1 as shown in figure 14 eliminates 


this. The size of R1 will depend on the fall time of the 
phase voltage, and the size of the C(CB). 


~~Micro 
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Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be 
low enough to: 


Avoid turning on the N-Channel 
gate when the PNP 


turns on via the same mechanism outlined 
in condition 


2 above 
. 


Not severely increase the switching 
losses in the N-FET 


In higher power applications, 
when large MOSFETs are 


used, the N-Output 
can be pulled below GND, causing 
the internal substrate diode (Dint) to conduct. 
The 
negative substrate current should be limited to less than 
2mA, which 
can be done by adding D1 as shown in figure 
14. 
D1 prevents the gate from going below 
O.7V, limiting 
the substrate current to: 
• 


VBE(Dl) 
- 
VBE(Dint) 
RG(N) 
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PRELIMINARY 


ML4411 


Sensorless Spindle Motor Controller 


The ML4411 provides complete commutation 
for delta or 


wye wound Brushless DC (BLDC) motors without 
the need 
for signals from Hall Effect sensors. This IC senses the back 
EMF of the 3 motor windings (no neutral required) to 
determine the proper commutation 
phase angle using 
phase lock loop techniques. 
This technique will commutate 
virtually any 3-phase BLDC motor and is insensitive to 
PWM noise and motor snubbing. 
The ML4411 is architec- 
turally similar to the ML441 0 but with improved braking 
and brown-out 
recovery circuitry. 


Included in the ML4411 is the circuitry necessary for a Hard 
Disk Drive microcontroller 
driven control loop. 
The 
ML4411 controls motor current with either a constant off- 
time PWM or linear current control driven by the 
microcontroller. 
Speed feedback for the micro is a stable 
digital frequency equal to the commutation 
frequency of 
the motor. 
All commutation 
is performed 
by the ML4411. 
Braking and Power Fail are also included in the ML4411. 


The timing of the start-up sequencing is determined 
by the 
micro, allowing the system to be optimized 
for a wide 
range of motors and inertial loads. 


The ML4411 modulates the gates of external N-Channel 
power MOSFETS to regulate the motor current. 
The IC 
drives P-Channel MOSFETS directly. 


• 
Back-EMF Commutation 
Provides Maximum Torque for 
Minimum 
"Spin-Up" time for Spindle Motors. 


• 
Accurate, Jitter-Free Phase Locked Motor Speed Feed- 
back Output 


• 
Linear or PWM Motor Current Control 


• 
EasyMicrocontroller 
Interface for Optimized 
Start-up 
Sequencing and Speed Control 


• 
Power Fail Detect Circuit with Delayed Braking 


• 
Drives External N-Channel FETsand P-Channel FETs 


• 
Back-EMF comparator 
detects motor rotation after 


power fail for fast re-Iock after brownout. 


• 
Improved version of ML441 0 


VCOjTACH 
OUT 


RESET 


I(RAMP) 


ENABLE 
E/A 


BRAKE 


LOGIC 
AND 


CONTROL 


I(CMD) 


ILiMIT 


POWER 
FAIL 
DETECT 
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Ml4411 


28-Pin sOle (S28W) 


GND 
I(CMD) 


Pl 
1(L1MIT) 


P2 
BRAKE 


VCC2 
VCC 


P3 
PH3 


C OTA 
PH2 


C(BRK) 
PHl 


DIS PWR 
I(RAMP) 


Nl 
RC 


N2 
+5V 


N3 
ENABLE E/A 


I(SENSE) 
PWR FAIL 


C 
RESET 


as 


C 
VCO/TACH 
OUT 


veo 


TOP VIEW 


PIN# NAME 
FUNCTION 
PIN# NAME 
FUNCTION 


1 
GND 
Signal and Power Ground 
15 VCO/TACH 
Logic Output from VCO or TACH • 


2 
P1 
Drives the external P-Channel transistor 
OUT 
comparator. 
driving motor PH1 
16 RESET 
Input which holds the VCo 
off and sets 


3 
P2 
Drives the external P-Channel transistor 
the IC to the RESETcondition. 
driving motor PH2 
17 PWR FAIL 
A "0" output indicates 5V or 12V is under- 


4 
VCC2 
12V power and power for the braking 
voltage. 
This is an open collector 
output 


function 
with a 4.5KW pull-up to +5V. 


5 
P3 
Drives the external P-Channel transistor 
18 ENABLE E/A 
A "1" logic input enables the error 
driving motor PH3 
amplifier and closes the back-EMF 


6 
COTA 
Compensation 
capacitor for linear motor 
feedback loop 


current amplifier loop 
19+5V 
5V power supply input 


7 
C(BRK) 
Capacitor which stores energy to charge 
20 RC 
VCO loop filter components 


N-Channel MOSFETS for braking with 
211(RAMP) 
Current into this pin sets the initial 
power off. 
acceleration rate of the VCO during start- 


8 
DIS PWR 
A logic 0 on this pin turns off the Nand 
P 
up 


outputs and causes the TACH compara- 
22 PH1 
Motor Terminal 1 
tor output to appear on TACH OUT. 
23 PH2 
Motor Terminal 2 
9-11 
N1, N2, N3 
Drives the external N- 
channel MOSFETs for PH1, PH2, PH3 
24 PH3 
Motor Terminal 3 


121(SENSE) 
Motor current sense input 
25 VCC 
12V power supply. Terminal which is 


13 Cas 
Timing capacitor for fixed off-time PWM 
sensed for power fail. 


current control 
26 BRAKE 
A "0" activates the braking circuit 


14 Cvco 
Timing capacitor for VCO. 
271(L1MIT) 
Sets the threshold for the PWM compara- 
tor 


281(CMD) 
Current Command for Linear Current 
amplifier 
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Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 


the device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 
are stress ratings 
only 
and 
functional 


device 
operation 
is not 
implied. 


O°C to 70°C 
12V±10% 
5V±10% 
o to 100llA 


OV to 7V 
Supply Voltage 
(pins 4, 25) .... 
Output 
Current 
(pins 2,3,5,9,10,11) 
. 


Logic Inputs (pins 16,17,18,26) 
Junction 
temperature 
Storage Temperature 
Range 
. 


Lead Temperature 
(Soldering 
10 sec.) .. 


Thermal 
Resistance (6 JA) 


.. 
14V 


±150mA 
-0.3 to 7V 
................ 
150°C 
-65°C to 150°C 


150°C 
60°C/W 


Temperature 
Range 
. 


VCC Voltage 
+12V (pin 25) .. 


+5V (pin 19) .... 


I(RAMP) current 
(pin 21) .... 
I Control 
Voltage 
Range (pins 27,28) .. 


TYP 
I 
MAX 
I UNITS 
PARAMETER 


Oscillator (Veo) section 
CONDITIONS 


VPIN16= 5V 


Frequency 
vs. VPIN20 
lV < Vp1N20< lOV 
300 
hz/V 


Frequency 
Vveo 
~ 6V 
1450 
1800 
2150 
hz 


• Vveo 
- .5V 
70 
140 
210 
hz 


Reset Voltage 
at Cveo 
Mode 
- 0 
125 
250 
mV 


VRe 


L 
State R 
125 
250 
mV 


IRe 
VPIN18-0V, RRAMP-39KO 
70 
100 
130 
llA 


VPIN18~5V, State A, VPHr4V, 
30 
50 
70 
llA 


VPIN18-5V,State 
A, VPHr6V 
-13 
2 
13 
llA 


VPIN18=5V,State A, VPH2=8V 
-30 
-50 
-70 
llA 


VPIN21 
RpIN21 - 39KO to +5V 
1.0 
1.1 
1.20 
V 


I(SENSE) Gain 
VPIN2r5V, 
OV< VPIN28 < 2.5V 
4.5 
5 
5.5 
VJV 


One Shot off time 
12 
25 
33 
llS 


I(CMD) 
Transconductance 
Gain 
.19 
mmho 


I(CMD), 
1(L1M) Bias Current 
VIN-O 
0 
-100 
-400 
nA 


12V Threshold 
9.1 
9.8 
10.5 
V 


Hysteresis 
150 
mV 


5V Threshold 
3.8 
4.25 
4.5 
V 


Hysteresis 
70 
mV 


Voltage 
High (VIH) 
. 
2 
I 
V 


Voltage 
Low (V1L) 
.8 
V 


Current 
High (IIH) 
VIN-2.7V 
-10 
1 
10 
llA 


Current 
Low (Jill 
VIN-O.4V 
-500 
-350 
-200 
llA 


Brake 
Active Threshold 
0.8 
1.2 
1.6 
V 


PIN 26 Bias Current 
'. 
VPIN26 = OV 
0.3 
1 
llA 


N-Channel 
Leakage 
VCC,YCC2-0V 
0 
.06 
10 
nA 


t 
VPIN17~OV, VN~4V 


C(BRK) Current 
VCC,VCC2 
- OV, VPIN26 - 3V 
20 
85 
llA 


VPIN7~ 6V 
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Unless otherwise 
specified, 
TA~Operating 
Temperature 
Range, VCC~VCC2~12V, 
RSENSE~ln, COTA=CVCO= .01 ~F, Cas = .02)lF 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
I UNITS 
Outputs 
I(CMDl 
= 1(L1MIT)= 2.5V 


Ip low 
Vp - O.BV 
5 
7 
19.5 
mA 


Vp = Oo4V 
2 
4 
mA 


V p high 
Ip - -10~A 
VCC2 - 004 
V 


- 


VN high 
VPIN12 = OV 
VCC-3.2 
10 
VCC-1.2 
V 


VNlow 
IN - lmA 
0.2 
0.7 
V 


LOGIC 
low (VOl) 
. ,,-, 
IOUT~Oo4mA 
0.5 
V 


VCO/TACH 
VOH 
lour-l00~A 
204 
V 


POWER FAIL VOH 
IOUT=-10~A 
VPIN19-0.2 VPIN19-0.1 
VPIN19 
V 


5V Current 
3 
4 
mA 


VCC Current 
3B 
50 
mA 


VCC2 Current 
2 
3 
mA 


The ML4411 
provides 
closed-loop 
commutation 
for 3-phase 
brush less motors. 
To accomplish 
this task, a vea, 
Integrat- 


ing Back-EMF 
Sampling 
error 
amplifier 
and 
sequencer 
form 


a phase-locked 
loop, 
locking 
the vea 
to the back-emf 
of 


the motor. 
The 
Ie also contains 
circuitry 
to control 
motor 


current 
with 
either 
linear 
or constant 
off-time 
PWM 
modes. 
Braking 
and 
power 
fail detection 
functions 
are also pro- 
vided 
on chip. 
The ML4411 
is designed 
to drive 
external 


power 
transistors 
(N-channel 
sinking 
transistors 
and 
P- 


Channel 
sourcing 
transistors) 
directly. 


Start-up 
sequencing 
and 
motor 
speed 
control 
are accom- 
plished 
by a microcontroller. 
Speed 
sensing 
is accom- 


plished 
by monitoring 
the output 
of the vea, 
which 
will 
be 


a signal 
which 
is phased-locked 
to the commutation 


frequency 
of the motor. 


The ML4411 
contains 
a patented 
back-emf 
sensing 
circuit 
which 
samples 
the phase 
which 
is not 
energized 
(Shaded 
area in fig. 2 below) 
to determine 
whether 
to increase 
or 


decrease 
the commutator 
(Vea) 
frequency. 
A late com- 


mutation 
causes 
the error 
amplifier 
to charge 
the filter 
(RC) 
on pin 20, increasing 
the veo 
input 
while 
early 
commuta- 
tion 
causes 
pin 20 to discharge. 
Analog 
speed 
control 


loops 
can use Pin 20 as a speed 
feedback 
voltage 
. 


The input 
impedance 
of the three 
PH inputs 
is about 
8Kr.l 
to GND. 
When 
operating 
with 
a higher 
voltage 
motor, 
the 
PH inputs 
should 
be divided 
down 
in voltage 
so that 
the 


maximum 
voltage 
at any PH input 
does 
not 
exceed 
vec. • 


Figure 2. Typical motor phase waveform with Back-EMF 
superimposed (Ideal Commutation) 


G~Micro Linear 


The VCO should be set so that at the maximum frequency 
of operation 
(the running speed of the motor) the VCO 


control voltage will be no higher than VCCMIN - 1V. The 
VCO maximum frequency will be: 


FMAX = .05 
X POLES X RPM 


where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 


The minimum VCO gain derived from the specification 
table (using the minimum 
Fvco at Vvco=6V) 
is: 


2.42 
X 10-6 


KVeO(MIN) = 
C 
veo 


Assuming that the VVeO(MAXj = 9.5V, then 


C 
_ 
9.5 x 2.42 
x 10-6 


veo 
- 
FMAX 


C 
460 
F 


veo 
= 
POLES 
x 
RPM 
~ 


~ 
2000 


G 
~ 
1500 
:J 


~ 
1000 


Figure 3. VCO Output Frequency vs. Vvco (pin20) 


Figure 4 below shows the transfer function of the Phase 
Lock Loop with the phase detector formed from the 
sampled phase through the Gm amplifier with the loop 
filtered formed by R, C" 
and C2. 


The impedance of the loop filter is 


r - - - - - - -I 
I 
I 


I 
1 


I 
1 
R 
1 
I 
I 
I 


1 


1 
1 
~ 
--l 


Figure 4. Back EMF Phase Lock Loop Components 


Where the lead and lag frequencies are set by: 


C,+C2 
ill 
- 
--- 
LAG - 
R C,C2 


Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between 
UlLEAD =10 x UlLAG 
produces the following 
calculations for R, Cl and C2: 


C, = 
4.66 X 10- 


9 
2 


Cveo 
xFveo 


C2 = 9 x Cl 


12.54 


C2 xFveo 


START-UP SEQUENCING 


When the motor is initially at rest, it is generating no back- 
EMF. Because a back-EMF signal is required for closed loop 
commutation, 
the motor must be started "open-loop" until a 
velocity sufficient to generate some back-EMF is attained 
(around 100 RPM). 
The following 
steps are a typical 


procedure for starting a motor which is at rest. It is possible 
to determine if the motor is running by polling the VCO/ 
TACH OUT pin with power disabled (Pin 8 = low). 


Step 1: The IC is held in reset (state R) with full power 
applied to the windings (see fig. 6). This aligns the rotor to 
a position which is 30° (electrical) before the center of the 
first commutation 
state. 


Step 2: Reset is released, and a fixed current is input to pin 
21 and appears as a current on pin 20, and will ramp the 
VCO input voltage, accelerating the motor at a fixed rate. 


Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 18 high. 
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ML4411 


OUTPUTS 
INPUT 


STATE 
Nl 
N2 
N3 
Pl 
P2 
P3 
SAMPLING 


R ORO 
OFF 
ON 
OFF 
ON 
OFF 
ON 
NjA 


A 
OFF 
OFF 
ON 
ON 
OFF 
OFF 
PH2 


B 
OFF 
OFF 
ON 
OFF 
ON 
OFF 
PHl 


C 
ON 
OFF 
OFF 
OFF 
ON 
OFF 
PH3 


D 
ON 
OFF 
OFF 
OFF 
OFF 
ON 
PH2 


E 
OFF 
ON 
OFF 
OFF 
OFF 
ON 
PHl 


F 
OFF 
ON 
OFF 
ON 
OFF 
OFF 
PH3 


• 


>- 
RESET/ 
OPEN-lOOP 
ClOSED 
lOOP 
u 
ALIGN 
(STEPPING) 
Z•... 


Pl, P3,N2 ON 
~ 
0- 
•... 
'"... 
0 
U> 
- - - - - - - - 


0 


Figure 6. Typical Start-up Sequence 


Using this technique. some reverse rotation is possible. The 
maximum amount of reverse rotation is 360/N. where N is 
the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 


For quick recovery following a momentary power failure, 
the following steps can be taken: 


PIN 
PIN 
PIN 
l(lIMIT) 


STEP 
16 
18 
21 
I(CMD) 


1 
0 
0 
FIXED 
IMAX 


2 
1 
0 
FIXED 
I,W< 


3 
1 
1 
0 
IMAX 


Table 2. Start-up Sequence 


Step la: 
The IC is held in reset (state R) with I(CMD) low 


and DIS PWR low. The Micro Processor monitors the 
VCO/TACH OUT pin to determine if a signal is present. If 
a signal is present. the frequency is determined (by 
measuring the period). 
If a signal is not present, proceed 


to the routine described above for starting a motor which is 
at rest. 


Step 1a:Release RESETand DIS PWR. Apply a current to 
pin 21 and monitor the VCO/TACH OUT pin for VCO 
frequency. 


Step 3a:When the VCO frequency approaches 6 X the 
motor frequency (or where the motor frequency has 
decelerated to by coasting during the time the VCO 
frequency was ramping up) the back EMF loop can be 
closed by pulling pin 18 high and motor current brought 
up with I(CMD) or 1(L1MIT). 
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ADJUSTING 
OPEN 
LOOP 
STEP RATE 


IRAMP should be set so that the VCO's frequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration 
rate. - In other words, the 
motor must be able to keep up with the VCO's ramp rate in 
open loop stepping mode. 
The VCO's input voltage 


(VpIN20) ramp rate is given by: 


dVvco 
IRAMP 
---"'--- 


dt 
(1 +(2 


4 
X 10.6 


KVCO(MAX) 
'" 
----- 
(vco 


then combining 
the 3 equations IRAMP can be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 


I 
< 
dFvco 
(vco 
X ((1+ (2) 


RAMP 
dt 
4 
X 
10-6 


The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping on 
the motor (such as head drag) during the open loop modes. 


The tolerance of the open loop step VCO acceleration 


( dF~~o ) depends on the tolerances of KVCO' 'RAMP' C1. 


C2. and CVCO' 
For more optimum 
spin up times, these 


variables can be digitally "calibrated" 
out by the micropro- 


cessor using the following 
procedure: 


1. 
Reset the IC by holding pin 16 low for at least 511S. 


2. 
Go into open loop step mode with no current on 
the motor and measure the difference between the 
first two complete VCO periods with the PWM 
signal at 50% duty cycle: 


ENABLE E/A= (see below) 


I(CMD) = OV 
PWM OUT=50% 


VCOfTACH 
OUT 


3. 
Compute a correction 
factor to adjust IRAMP 


current by changing the PWM duty cycle from the 
Micro (D.C.) 


D.C.(NEW) 
= 50%x 
MVCO(DESIRED) 


MvCO(MEASURED) 


4. 
Use new computed 
duty cycle for open loop 
stepping mode and proceed with a normal start-up 
sequence. 


If this auto calibration is used ENABLE E/A can be tied 
permanently 
high, eliminating a line from the Micro. 
Since 


there is offset associated with the Phase Detector 
Error 
Amp (E/A), more current than is being injected by IRAMP 
may be taken out of pin 20 if the offset is positive (into pin 
20) if the error amp were enabled during the open loop 
stepping mode. 
In that case, VVCO would not rise and the 


motor would not step properly. 
The effect of E/A offset can 
also be canceled out by the auto calibration algorithm 
described above allowing the E/A to be permanently 
enabled. 


A 
_ 
1.875 
X 
10-4 


v- 


SCOTA 


To facilitate speed control, the ML4411 includes two 
current control loops - linear and PWM (fig. 9). The linear 
control loop senses the motor current on the I(SENSE) 
terminal through RSENSE.An internal current sense 
amplifier's (A2) output modulates the gates of the 3 N- 
channel MOSFET's. 


The ML4411 also includes a current mode constant off-time 
PWM circuit. 
When motor current builds to the threshold 
set on 
I(LiMIT) input (pin 27), a one-shot is fired whose 


timing is set by Cas. The current in the motor will be 
controlled 
by the lower of pin 27 and pin 28. 


The linear currrent control modulates the gates of the 
external MOSFET drivers. 
Amplifier 
A2 is a transconduc- 
tance amplifier which amplifies the difference between 
I(CMD) and I(SENSE). The transconductance 
gain of A2 is: 


gm 
= 1.875 X 10-4 
U 


The current loop is compensated 
by COTAwhich forms a 


pole given by 


9.375 
X 10-4 


Wp = 
COTA 


This time constant should be fast enough so that the current 
loop settles in less than 10% of Tveo at the highest motor 
speed to avoid torque ripple to VTH mismatch of the N- 
Channel MOSFETs. 


The I(SENSE)input pin should be kept below 1V. If I(SENSE) 
goes above 1V, a bias current of about -30011Awill flow out 
of pin 12 and the N outputs will be inhibited. 
Bringing 


I(SENSE)below .7V returns the bias current to its normal 
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level. For this reason, the noise filter resistor on the 
I(SENSE)pin (1KQ on Figure 10) should be less than 1.SKQ. 


The noise filter time constant should be great enough to 
filter the leading edge current spike when the N-FETsturn 
on but small enough to avoid excessive phase shift in the 
I(SENSE)signal. 


OUTPUT 
DRIVERS 


The motor's source drivers (P1 thru P3) are open-collector 
NPN's with internal 16KQ pull-up resistors. 


Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. 
Switching noise in the external 


MOSFETs can be reduced by adding resistance in series 
with the gates. 


BRAKING 


As shown in figure 9, the braking circuit pulls the N-Channel 
MOSFET gates high when BRAKE falls below a l.4V 
threshold. 
After a power failure, C(DL Y) is discharged 
slowly through R(DLY) providing a delay for retract to occur 
before the braking circuit is activated. 
The N-Channel 


buffer (B1) tri-states when the BRAKE pin reaches 2.1V to 
ensure that no charge from C(BRK) is lost through the pull- 
down transistor in B1. To brake the motor with external 
signals, first disable power by pulling pin 8 low, then pull 


ML4411 


'g 


~ 
30 


20 


pin 26 below l.4V using an open drain (or diode isolated) 
output. 


The bias current for the Braking circuits comes from VCC2. 
When the N-Channel MOSFETs turn on, no additional 
power is generated for VCC2 (motor back-EMF recitified 
throught the MOSFET body diodes). 
After VCC2 drops 


below 4V, Q2 turns off. 
Continued 
braking relies on the 
Ccs of the N-Channel MOSFETs to sustain the MOSFET 
gate enhancement voltage. 


• 
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Figure 10 shows a typical application 
of the ML4411 in a 


hard disk drive spindle control. 
Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontroller, 
Fig. 11 shows a simple "one 
shot" start-up timing approach. 


Speed control can be accomplished 
either by: 


1. Sensing the VCO OUT frequency with a Microcontroller 
and adjusting I(CMD) via an analog output from the Micro 
(PWM DAC). 


2. Using analog circuitry for speed control. (Fig. 12). 


OUTPUT 
STAGE HINTS 


In the circuit in Figure 10, Q1, Q2, and Q3 are IRFR9024 or 
equivalent. 
Q4, Q5, and Q6 are IRFR024 or equivalent. 


New MOSFET packaging technology 
such as the Little 


Foot® series may decrease the PC board space. These 
packages, however have much lower thermal enertia and 
dissipation capabilities than the larger packages, and care 
should be taken not to exceed their rated current and 
junction 
temperature. 


Since the output section in a full bridge application 
consists 


of three half-H switches, cross-conduction 
can occur. 


Cross-conduction 
is the condition 
where an N-FETand 


10~.1 


GND 


PI 


lK 
P2 


100pF 
VCC2 


P3 
r 


.01 
COlA 


CiSRK) 


DISPWR 


NI 


10 
N2 


~01 


10~.1 


Q3 


~ 
ENABLE 
ERROR 
AMP 


~ 
RESET (FROM 
MICRO) 


POWER 
FAIL TO 
MICRO 


VCOOUT 


~ 
DISABLE 
POWER 
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SYMBOL 
VALUE 


Al 
LM3S8 


ICl 
74HC14 


Dl 
D2 
lN4148 


Rl 
lMQ 


R2 
lMQ 


R3 
lOOKQ 


SYMBOL 
VALUE 


R4 
IOOKQ 


RS 
SOKQ 


R6 
SOKQ 


Cl 
3.3 
uF 


C2 
3.3 
uF 


C3 
.47 llF 


P-FETin the same phase of the bridge conduct simulta- 
neously. This could happen under two conditions (see 
figure 13): 


1. 
When transitioning from mode 0 to mode A (see table 
1) P3 goes from on to off at the same time N3 goes 
from off to on. If P3 turns off slowly and N3 turns on 
quickly, cross-conduction may occur. This condition 
has been prevented inside the IC on later revisions of 
the ML4411. Consult your Micro Linear representative 
for date code information. 
On earlier revision parts, 
forcing P3 to turn off quickly will minimize the cross- 
conduction current. 


2. 
When the a MOSFETin the same phase switches on 
gate current flows due to capacative coupling of 
current through the MOSFET'sdrain to gate capaci- 
tance. This could cause the MOSFETthat was off to be 
turned on. 


ML4411 


In Condition 2 above, the P-Channel MOSFETis pulled up 
inside the ML4411 with a 16KQ resistor. If the current 
through C(DGp) is greater than VTH'" 16K when the N-FET 
turns on, the P-FETcould turn on simultaneously, causing 
cross-conduction. Adding R1 as shown in fig. 13 eliminates 
this. The size of R1 will depend on the fall time of the 
phase voltage, and the size of the C(DGp). D1 may be 
needed for high power applications to limit the negative 
current pulled (through C(DGn)) out of the substrate diode 
in the ML4411 when P-FETturns off. 


VCC2 


Figure 13. Causes of Cross-conduction 


Adding a series damping resistor to the N-FETgate (RGn) 
will slow the fall time. The damping resistor should be low 
enough to: 


Avoid turning on the N-Channel gate when the P-Channel 
turns on via the same mechanism outlined in condition 2 


above 
• 


Not severely increase the switching lossesin the N-FET 


UNIPOLAR OPERATION 


Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors to 
drive the motor. The ML4411 will operate in unipolar 
mode (fig. 14) provided the following precautions are 
taken: 


1. 
The IC supplies should not exceed 12V+10%. 


2. 
The phase pins on the IC should not exceed the supply 
voltage. 


In unipolar operation, the motor's windings must be 
allowed to drive freely to: 


V<I>(MAX) 
= 
VSUPPLY(MAX) 
+ VEMF(MAX) 


Therefore, there can be no diodes to clamp the inductive 
energy to VSUPPLY.This energy must be clamped, however, 
to avoid an over-voltage condition on the MOSFETsand 
other components. Typically, a V(CLAMP) voltage is 
created to provide the clamping voltage. The inductive 
energy may either be dissipated (fig 15) or alternately 
efficiently regenerated back to the system supply (fig 16). 


The circuit in Figure 14 is designed to minimize the external 
components necessary,at some compromise to perfor- 
mance. The 3 resistors from the motor phase windings to 
the PH inputs work with the ML4411 's 8KQ internal 
resistance to ground to divide the motor's phase voltage 
down, providing input signals that do not exceed 12V. 
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This circuit usesanalog speed regulation. The 1MQ resistor 
from pin 20 to the speed regulation op amp provides the 
function of injecting current into the vca 
loop filter for the 
open loop stepping phase of start-up operation. The "one 
shot" circuitry to time the reset is replaced by a diode and 
RC delay from the rising edge or the paWERFAIL signal. 
The error amplifier is left enabled continuously since at low 
speeds its current contribution is negligable. The current 
injected into the loop filter must be greater than the leakage 
current from the phase detector amplifier for the motor to 
start reliably. 


V(CLAMP) 
= 
+24V 


5V 
REG 


Figure 17. High Voltage Translation using PNP Power 


Transistor 
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,-------, 


I 
I 


I 
'ML4411 
I 
I 
I 
I 
I 
L 
-' 


+V 
----------, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
:- 
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To drive a higher voltage motor, the same precautions 
regarding ML4411 voltage limitations as were outlined for 
Unipolar drive above should be followed. 
Figs. 17-19 
provide several methods of translating the ML4411 's P 
outputs to drive a higher voltage. 


~-------1 


I 
I 
IML4411 
I 
I 
I 
I 
l 
-, 


Figure 
18. 
High Voltage 
Translation 
using "Composite" 
PNP Power 
Transistor 


IJI 


PART 


NUMBER 


TEMPERATURE 


RANGE 
PACKAGE 


28-PIN sOle 
(S28W) 


"~Micro Linear 


, 'YI L"'T"'TIJ, ,Y I L.,..,. 
I J n. 


ML4416, ML4416R 


15 Channel Read/Write 
Circuit 


'Micro 
Linear 


The ML4415, ML4416 devices are bipolar monolithic 
read/write 
circuits designed for use with fixed disk 


ferrite center-tapped 
recording heads. They provide a 


low noise read path, write current control, and data 
protection 
circuitry for all channels. 


These multiplexed 
read/write data channels exhibit 


features not found in similar read/write circuits such as 
improved write current stability and elimination 
of 


write current "glitches" 
during power up. 


The ML4416 has fourteen 
read/write data channels and 


a chip select pin. The chip select pin allows additional 
read/write 
circuits in the system by enabling or 


disabling a particular chip. The ML4415 has fifteen 
read/write data channels and no chip select pin. 


The ML4415Rand ML4416Rversions include on-chip 
damping resistors. 


• Write current 
disable. during 
power 
up 
• Enhanced write current 
stability 
• Designed for center-tapped 
ferrite 
heads 


• ML4415 provides 15 read/write 
channels 


• ML4416 - 
easily multiplexed 
for larger systems 


• Includes write 
unsafe detection 
• TTL compatible 
control 
signals 


• Programmable 
write current 
source 
• +5Y, +12V power supplies 


Voo VccGND 
r r J 


HOX 
HOY 
HIX 
H1Y 
H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 
H8X 
H8Y 
H9X 
H9Y 
Hl0X 
Hl0Y 
HllX 
HllY 
H12X 
H12Y 
H13X 
H13Y 
H14X" 
H14Y" 
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Ml4415CQ, 
Ml4415RCQ 
44-Pin PCC 


40 


H5X 
R/W 


H5Y 
WC 


H6X 
ROY 


H6Y 
ROX 


H7J( 
HSO 


H7Y 
34 
HSI 


H8X 
33 
HS2 


H8Y 
32 
HS3 


H9X 
31 
VCC 


H9Y 
30 
WOI 


Hl0X 
29 
WUS 


18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Hl0Y 
I HllY 
I H12Y I H13Y 
H14Y I 
VOO 
HllX 
H12X 
H13X 
H14X 
Va 


TOP VIEW 


ML4415, ML4415R, ML4416, ML4416R 


Ml4416CQ, 
Ml4416RCQ 
44-Pin PCC 


H4X 
H3X 
H2X 
HIX 
HOX 


H4Y I 
H3Y I 
H2Y 
H1Y I HOY I GNO 


6 
5 
4 
3 
2 
1 
44 
43 
42 
41 
40 


H5X 
39 
CS 


38 
R/W 


37 
WC 


H6Y 
36 
ROY 


H7X 
35 
ROX 


H7Y 
34 
HSO 


H8X 
33 
HSI 


H8Y 
32 
HS2 


H9X 
31 
HS3 


H9Y 
30 
vcc 


Hl0X 
29 
WOI 


18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Hl0Y 
I HllY I H12Y I H13Y 
Va 
I WUS 


Hl1X 
H12X 
H13X 
NC 
voo 


TOP VIEW 


III 


NAME 


HSO-HS3 


FUNCTION 


Head Select (14 heads for the Ml4416, 
and 15 heads for Ml4415). 


Chip Select (low level enables, Ml4416 
only) 


Read/Write 
(high level select Read 
Mode) 


Write 
Unsafe, open collector 
output 


(high level indicates an unsafe writing 
condition) 


Write 
Data In (negative transition 
toggles head current 
direction) 


NAME 


HOX-H14X 


HOY-H14Y 


RDX, ROY 


WC 


X head connections 


Y head connections 


X, Y Read Data (differential 
read signal out) 


Write Current 
(used to set the write 


current 
magnitude) 


Voltage Center Tap (center tap voltage 
source) 


+5 volts 


+12 volts 


Ground 


Vcc 
VDD 
GND 
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Ml4415, Ml4415R, Ml4416, Ml4416R 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 
1) 


Power Supply Voltage Range 
Vool 
. 
-0.3to14Voc 
Voo2 
.. 
-0.3to14Voc 
Vcc 
.. 
-0.3t06Voc 


Input Voltage Range 
Digital 
Inputs 
(CS, Riw, HS, WDI) 
-0.3 
to Vcc 
+o.3Voc 
Head 
Ports 
-0.3 
to Voo 1 +0.3Voc 
Write 
Unsafe 
(WUS) 
-0.3 
to 14Voc 
Write Current (Iw) 
60mA 
Output 
Current 
Read Data (RDX, RDY) 
. . . . ... 
. . . 
. ..•.. 
-lOmA 
CenterTapCurrent(la) 
......•............... 
-60mA 


Write Unsafe (WUS) 
12mA 
Storage Temperature 
. 
-65°Cto150°C 
Junction Temperature (TJ) 
135°C 
Lead Temperature (Soldering 10 sec.) 
. ..•.... 
300°C 


Supply Voltage 
Vool 
.. 
12V±10% 


Vcc 
.. .. .. .. .. .. .. .. .. .. .. 
5 V ± 10% 


Head Inductance 


LH 
.. 
5 to 15J1H 
Damping 
Resistor 
(Ro, ML4415R or ML4416R) 
.. 
500 to 2000n 
RCT Resistor (1/4 Watt) 
... 
120Q ± 5% 


Write Current (Iw) 
10 to 40 mA 


ELECTRICAL CHARACTE RISTICS 
Unless 
otherwise 
specified 
VDDl 
=VDD2~12V±10%, 
Vcc-5V 
±10%, 
Rcr=120Q 
±S%, 
Iw=40mA, 
Ooe~TA~ 
70 


0e 


(Notes 
2 and 3). 


SYMBOL I 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
I 
UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


ICC 
Vcc Supply Current 
Read or Idle Mode 
31 
35 
mA 


Write Mode 
26 
30 
mA 


100 
Voo Supply Current 
ReadMode 
. 
~-= 
29 
35 
mA 


Write Mode 
17+lw 
20+lw 
mA 


Idle Mode 
17 
20 
mA 


Po 
Power Dissipation 
Read Mode 
550 
655 
mW 


Write Mode Iw- 40 mA, 
890 
960 
mW 
Rcr-OQ 


Idle Mode. 
, 
378 
455 
mW 
- 
- 


VIH 
High Voltage 
2 
Voc 


VIL 
Low Voltage 
0.8 
Voc 


IIH 
High Current 
V1H-2.0V 
. 
100 
IJA 


IlL 
Low Current 
V1L-0.8V 
-0.4 
mA 


WUSOUTPUT 


VOL 
Output 
Low Voltage 


IOH 
Output 
High Current 


CENTER TAP VOLTAGES 


Va 
Read Mode 


Va 
Write Mode 


IOL-8mA 
(Safe) 


VoH-5V 
(Unsafe) 


Read Mode 


Write Mode 
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Ml4415, 
Ml4415R, Ml4416, 
Ml4416R 


ELEORICAL 
CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified 
Voo1 
= 12V ± 10%, Vcc 
= 5V ± 10%, 
Rcr 
= 1200 ± 5%, 
Iw = 35mA, 
LH = 10pH, 
Ro = 7500 
(ML4415, 
ML4416), 
fOATA = 5MHz, 
CL (RDX, 
RDY) :s 20pF, O°C :s TA :s 70°C 
(Notes 
2 and 
3) 


(VIN 
is referenced 
to 
Vcr 
for 
Read 
Mode 
Characteristics). 


SYMBOL I 
PARAMETER 
I 
CONDITIONS 
MIN 
TYP 
MAX 
I 
UNITS 


WRITE MODE CHARACTERISTICS 


IHCW 
Head Current (per side) 
Write Mode 
, 
" 
-200 
0.15 
200 
J1A 


O",Vcc'" 
3.7V 
0"'Voo1"'8.7V 
J 


IWR 
Write Current Range 
Iw~K!Rwc 
10 
40 
mA 


K 
Write Current Constant 
2.375 
2.5 
2.625 


VHO 
Differential 
Head Voltage Swing 
7.0 
10.2 
VPK 


IHU 
Unselected Head Transient 
2 
mApK 
Current 


COD 
Differential 
Output 
Capacitance 
8.8 
15 
pF 


RoD 
Differential 
Output 
Resistance 
ML4415, 4416 
10k 
Q 


TJ = 25°C ML4415R, 4416R 
600 
960 
Q 


fWDI 
WDI Transition Frequency 
WUS~Low 
250 
490 
kHz 


AI 
Iwc to Head Current Gain 
0.99 
mA!mA 


Il 
Unselected 
Head Leakage 
Sum of X & Y Side Leakage Current 
85 
J1A 


Av 
Differential 
Voltage Gain 
VIN= 1mVp.p@300kHz, 
85 
106 
115 
vtv 


Rl (RDX, RDY) - 1kQ 


DR 
Dynamic 
Range 
DC Input Voltage (VI) Where Gain Falls 10%, 
-3 
±7 
+3 
mV 
VIN~VI+0.5mVp.p@ 
300kHz 


BW 
Bandwidth 
(-3dBl 
IZsl<5Q,VIN~1 
mVp.p 
30 
40 
MHz 


elN 
Input Noise Voltage 
BW-15MHz, 
LH-O, 
RH-O 
1.2 
1.5 
nV! VRZ 


C1N 
Differential 
Input Capacitance 
f-5MHz 
14 
20 
pF 


RIN 
Differential 
Input Resistance 
f = 5MHz, 
TJ 
~ 
25°C ML4415, 4416 
2k 
15K 
Q 


V1N = 6mVp_p ML4415R, 4416R 
460 
860 
Q 


IHCR 
Head Current (per side) 
Read or Idle Mode 
-200 
200 
J1A 


0"'Vcc"'5.5V 
0",VDD1'" 
13.2V 


IIN 
Input Bias Current (l side) 
8.5 
45 
J1A 


CMRR 
Common·Mode 
Rejection Ratio 
VCM- VCT+100mVp.p@f-5MHz 
50 
77 
dB 


PSRR 
Power Supply Rejection Ratio 
100mVp.p@5MHzonVDD1, 
VD02, orVcc 
- 45 
dB 


CS 
Channel Separation 
Unselected Channels: 
45 
57 
dB 


V1N-100mVp.p@5MHz 
and Selected Channel: 
V1N-OmVp.p 


Vas 
Output 
Offset Voltage 
Read Mode 
~ 
-460 
±29 
+460 
mV 


Write or Idle Mode 
-20 
±1 
+20 
mV 


VOCM 
Common·Mode 
Output 
VoltagE 
Read Mode 
4.5 
5.5 
6.5 
V 


Write or Idle Mode 
5.6 
V 


RoUT 
Single-Ended Output 
Resistan<.e f-5MHz 
30 
Q 


Il 
Leakage Current, RDX, RDY 
(RDX, RDY)-6V 
Write or Idle Mode 
-100 
±15 
100 
J1A 


10 
Output 
Current 
AC Coupled 
wad, 
RDX to RDY 
+2.1 
±2.7 
mA 
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• 


RD = 7500 (ML4415, ML4416),~f'j;~TA~-5MH~,-O-~C·;;" 
TA-;; iQoc '(N~t~~ 
2 ~~d'3) - ,u, 'vv 


SYMBOLI 
PARAMETER 
I 
CONDITIONS 
I__ M_IN_~_TY_P_ 
MAX 
I 
UNITS 


SWITCHING 
CHARAGERISTICS 


tRW 
R/W to Write Switching 
Delay 
To 90% of Write Current Output 
.105 
1 
I-'s 


tWR 
R/W to Read Switching 
Delay 
To 90% of 100m V, 10MHz 
Read Signal 
.036 
1 
I-'S 


Envelope or to 90% Decay of 
Write Current 


tlW 
CS to Select Switching 
Delay 
To 90% of Write Current or to 90% of 
.165 
1 
I-'s 
or 
100mV, 10MHz Read Signal Envelope 


tlR 


tWI 
CS to Unselect Switching 
Delay 
To 90% Decay of 100m V, 10MHz 
Read 
.084 
1 
I-'S 
or 
Signal Envelope or to 90% Decay of Write 


tRI 
Current 


tHS 
Head Select Switching 
Delay 
To 90% of 100m V, 10MHz Read Signal 
.045 
1 
I-'s 


Envelope 


tD1 
Safe to Unsafe 
Iw-35mA 
1.6 
3.9 
8 
us 


Write Unsafe Delay 


tD2 
Unsafe to Safe 
Iw-35mA 
.387 
1 
us 


Write Unsafe Delay 


tD3 
Prop. Delay Head Current 
LH-O, 
RH-O From 50% points 
23 
25 
ns 


Asymmetry 
Head Current 
WDI has 50% DutyCycie 
and 1nS Rise/Fall 
0.9 
2 
ns 
" 


Time 


Rise/Fall Head Current 
10% and 90% Points 
, 
5 
20 
ns 


Note 1: Absolute maximum 
ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 


Note 2: 
Limits are guaranteed by 100% testing, sampling, or correlation 
with worst-<:ase test conditions. 


Note 3: Maximum 
junction 
temperature 
{TJlshould not exceed 13S°C. 


HEAD 
CURRENT 
IX,IV 
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CIRCUIT OPERATION 
For any selected head, the ML4415/4416functions as a 
read amplifier when in the Read mode, or as a write 
current switch when in the Write mode. Pins HSO,HS1 
and HS2 determine 
head selection while pin R/W 


controls the Read/Write mode. A detected "write- 
unsafe" condition 
is indicated by pin WUS. 


READMODE 
When the ML4415, 4416 is in the Read Mode, it 
operates as a low-noise differential amplifier on the 
selected channel. In Read mode the write data flip-flop 
is set and both the write unsafe detector and the write 
current source are deactivated. The center tap voltage 
is also lowered. Pins RDX and RDY provide differential 
emitter follower 
outputs which are in phase with the 


X and Y head input pins. 


Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making 
external write current gating unnecessary. 


WRITE MODE 
The ML4415, 4416 operates as a write-current 
switch 


when in the Write mode. Write current magnitude is 
determined 
by the following 
relationship: 


Iw = K/Rwc 


Where: K 
= Write Current Constant 


Rwc = Resistance connected 
between pin WC 
and GND. 


The head current is toggled between the X and Y side 
of the selected head by a negative transition WDI 
(Write Data Input). When switching the ML4415, 4416 to 
write mode, the WDFF (Write Data Flip-Flop) is 
initialized to pass write current through the X-side of 
the head. 


The ML4415, 4416 exhibit enhanced write current 
stability, compared to similar read/write circuits, which 
reduces the problem of oscillation. This is a result of 
increased internal write current compensation. Also, 
write current "glitches" during power-up, common 
in 


similar read/write circuits, are eliminated with an 
exclusive write current disabling function. 


The WUS (Write Unsafe) pin is an open collector 
output that gives a logic high level for any of the 
following 
unsafe write conditions: 


• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 


Two negative transitions on WDI are required to clear 
WUS after the fault condition 
is removed. 


The ML4415, 4416 also offers a voltage fault detection 
circuit that prevents write current during power-loss or 
power-up. 


Ml4415, Ml4415R, Ml4416, Ml4416R 


HS3 
HS2 
HSl 
HSO 
HEAD 


0 
0 
0 
0 
HO 


0 
0 
0 
1 
H1 


0 
0 
1 
0 
H2 


0 
0 
1 
1 
H3 


0 
1 
0 
0 
H4 


0 
1 
0 
1 
H5 


0 
1 
1 
0 
H6 


0 
1 
1 
1 
H7 


1 
0 
0 
0 
H8 


1 
0 
0 
1 
H9 


1 
0 
1 
0 
H10 


1 
0 
1 
1 
H11 


1 
1 
0 
0 
H12 


1 
1 
0 
1 
H13 


1 
1 
1 
0 
H14* 


• ML4415 
only 


o • Logic 
Level 
Low 


1 = Logic 
Level 
High 


X • 
Don't 
Care 
• 


CS** 
R/W 
MODE 


0 
0 
Write 


0 
1 
Read 


1 
X 
Idle 


•• 
ML4416 
only 
o = Logic 
Level 
Low 


1 = Logic 
Level 
High 


X • Don't 
Care 
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NOTES: 
1. RO is optional and is used to limit internal power dissipation 


(Otherwise connect 
Voo1 to Voo2). 
RO 
(1/2 
Wall) • 120 (40/'wl 
ohms 
where 
Iw ""Write 
Current, 
in mA 
2. Ferrite head optional: used to suppress write current 
overshoot 


and ringing. Recommend 
Ferroxcube 3659065/4A6. 


3. RDX and RDY load capacitance 
20pF maximum. RDX and RDY 


output 
current 
must be limited to lOOIlA. 


4. Damping resistors not required on Ml4415R, 4416R. 


ML4415 
ML4415R 
ML4416 
ML4416R 
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ML4415, ML4415R, ML4416, ML4416R 


= 
PART NUMBER 
PACKAGE 
NUMBER OF CHANNELS 


ML4415CQ 
MOLDED 
PCC (Q44) 
15 
ML4415RCQ 
MOLDED 
PCC (Q44) 
15 


- 
ML4416CQ 
MOLDED 
PCC (Q44) 
14 with 
CS 
ML4416RCQ 
MOLDED 
PCC (Q44) 
14 with CS 
- 
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ML4417/ ML4427 


Zoned Bit Recording Circuit 


The ML4417/27 is a bipolar monolithic 
integrated 


circuit that simplifies the design of zoned bit recording 
systems in hard disk drives. It contains a VCO capable 
of operating at frequencies up to 95 MHz, a charge 
pump, and the active electronics required for a loop 
filter to form a variable rate data encoding and 
decoding system. 


The ML4417/27also includes a code clock output and 
the dividers required for an interface clock output 
whose frequency is equal to the code clock output 
frequency divided by 1.5. This feature simplifies the use 
of RLL(1, 7) coding for improved storage density. 


In addition, the ML4417/27includes two uncommitted 
ECLto TIL level translators to simplify interfacing with 
TIL-based systems. The ML4417/27 is designed for 
operation from 12V and 5V supplies, but may be 
operated from a single 5V supply if desired. 


The ML4417 has TIL-compatible 
logic input levels on 


the charge pump, and the ML4427 has a charge pump 
control 
input, which, when driven by a CMOS tri-state 
output, eliminates one logic interface line to the 
circuit. 


• Wide VCO Range (3:1 Range to 95 MHz) 
• Allows RLL (1, 7) or (2, 7) Encoding 
• SO-16 (Narrow) Packaging 
• Coarse and Fine VCO Control 
Inputs 


• Two Uncommitted 
ECL to TIL Converters 


• 12Y, 5V or Single 5V Operation 


INC 


Q PUMP 


DEC 


VREf 
• 


Vc,/2 


KF2 • 1 (Va > Vcc + 4V) 
KF2 • 2.5 (Va < vcc + 2V) 


vcc 
(5V) 


12 
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Ml4417, Ml4427 
SOIC-16 (Narrow) Package 
Ml4417, Ml4427 
PDIP-16 Package 
(PrototypesOnly) 


LOOPFLTR 
(FINE) 
3 


Vo 
IS TO 12Vl 
4 


osap 


INTCAP 
ICOARSEI 


LOOPFLTR 
(FINE) 


Vo 
(S TO 12Vl 


QIN2 


QINI 


ECLlN2 


TILOUT2 


CODECLK 
(ECL) 


ECLlNl 


Vcl 


CAPA 
vcc ISVl 
GND 


INTCLK 
(ITL) 


TILOUTl 


PIN DESCRIPTION 


PIN NO. 
NAME 
FUNOION 
PIN NO. 
NAME 
FUNOION 


OSCTP (ECl) 
Oscillator Test Point. An 
15, 7 
ECUN1,2 
ECl inputs for ECl to 
III 
ECl output of the VCO 
TIl 
level translators. 


that is useful for direct 
9,8 
TIlOUT1,2 
TIl 
outputs for ECl to 
evaluation of the VCO 
TIl 
level translators. 
output. 


10 
INTClK (TIl) 
Interface clock output. 
2 
INTCAP (COARSE) The coarse input for the 
This output 
is a TIl 
loop filter time constant 
output at one third of 
setting. 
the VCO frequency. 
3 
lOOPFLTR (FINE) 
The fine input for loop 
11 
GND 
Ground. 
filter time constant setting. 
12 
VCC (5V) 
logic 
power supply 
4 
VC2 
Analog power supply 
input, nominally 5Y. 
input, nominal 5V or 12Y. 
13 
CAPA 
VCO capacitor 
5 
QIN2 
Increment input on the 
connection. 
This 
charge pump. This input 
capacitor determines the 
is TIl-compatible 
on the 
nominal VCO frequency. 
Ml4417. On the Ml4427, 
14 
VCl 
Vcl should be 
it can be connected, 
along with pin 6, to a 
connected to a well- 
single CMOS tri-state 
regulated 5V ± 5% supply. 


output, eliminating one 
16 
CODEClK (ECl) 
The code clock output. 


pin on the controlling 
This is an ECl output 
at 
gate array. (Active high) 
half the VCO frequency. 
6 
QIN1 
Decrement input on the 
charge pump. (Active low) 
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ABSOLUTE MAXIMUM 
RATINGS 


Power 
Supply 
Voltage 
Range 
Vel 
. . . .. . . . . . . . . . .. .. . .. .. . . . . . .. 
-0.3 
to 
Vee 
+ .3 VDC 
V 0 
......................... -0.3 
to 
14 VDC 
Vee 
-0.3 
to 
6 VDC 
Digital 
Inputs 
ECLlN1,2 
-0.3 
to 
Vee 
+ O.3V 
QIN1,2 
-0.3 
to 
Vee 
+ O.3V 


Analog 
Inputs 
LOOPFLTR, 
INTCAP 
. 
CAPA 
. 


Digital 
Outputs 
TILOUT1, 
2, OSCTp, 
CODECLK,INTCLK 
-0.3 
to 
Vee 
+ O.3V 


-0.3 
to 
V0 + O.3V 


-0.3 
to 
V Cl 
+ O.3V 


Temperature 
Range 
O°C to 
+70°C 


Analog 
Supply 
Voltage 
(Vo)' 
5 or 
12V 


Digital 
Supply 
Voltage 
(Ved 
5V 
Vcl 
5V 


• This supply voltage is designed for 5V or l2V operation. This data 
sheet specifies the Ml44l7/4427 
for 12V operation. 
For 5V 
specification, please contact Micro Linear. 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional 
device operation 
is not 


implied. (All voltages are referenced to GND.) 


ELECTRICAL CHARACTERISTICS 
Unless 
otherwise 
specified, 
Vo 
= 12V ± 10%, 
Vee 
= 5V ± 5%, Vel 
= 5V ± 5%, TA = 25°C. 


SYMBOL I 
PARAMETER 
CONDITIONS 
~ 


Power Supply 


Icc 
Vcc 
Supply 
Current 
(1) 
Pin 12 
90.0 
mA 


IC1 
VCl Supply 
Current 
Pin 14 
11.0 
mA 


IC2 
Ve2 Supply 
Current 
Pin 4 
4.5 
mA 


VIH (ECl) 
High 
Voltage 
ECl 
Input 
Pin 15, Vee 
= 5V 
4.0 
V 


V1L(EeLI 
Low Voltage 
ECl 
Input 
Pin 15, Vee 
= 5V 
3.6 
V 


I'H (EeL) 
High 
Current 
ECl 
Input 
Pin 15, Vee ~ 5V 


" 
1250 
IJA 


IlL (ECl) 
Low Current 
ECL Input 
Pin 15, Vee ~ 5V 
625 
1000 
IJA 


VOH (TIL) 
High 
Voltage 
TIL 
Output 
IOH = -O.4mA 
TIl 
OUT1, 2, 3 
3.75 
V 


VOl (TILl 
Low Voltage 
TIl 
Output 
1m = 1.6mA 
Pins 8, 9, 10, Vee 
= 5V 
0.50 
V 


VOH (EeL) 
High 
Voltage 
ECl Output 
IOH ~ -4mA 
ECL Code 
CLK 
4.05 
4.22 
4.30 
V 


VOl (ECl) 
Low Voltage 
ECL Output 
1m = -4mA 
Pin 16, Vee 
= 5V 
2.80 
3.22 
3.55 
V 


fveo 
VCO 
Range 
Cose 
= 10pF Pin 14 to Pin 13 
20-95 
MHz 
(pin 2 = lV 
to llY, 
Pin 3 = 6V) 


(pin 
14 = Vecl 


IQ 
Charge 
Pump 
Current 
Pin 3 
±125 
IJA 


VQH 
Charge 
Pump 
Maximum 
Voltage 
Pin 3 
, 
Vez-1V 
V 


VQL 
Charge 
Pump 
Minimum 
Voltage 
Pin 3 
1.0 
V 


VIH 
High 
Voltage 
Input 
Pin 6, Vee 
= 5V 
1.9 
Vee 
V 


VIL 
Low Voltage 
Input 
Pin 6 
0 
0.8 
V 


V1H 
High 
Voltage 
Input 
Pin 5 (ML4417), Vee 
= SV 
.. 


1.9 
Vee 
V 


V1L 
Low Voltage 
Input 
Pin 5 (ML4417) 
0 
0.8 
V 


'-Micro 
Linear 


ML4417, ML4427 


ELEORICAL CHARAOERISTICS 
(Continued) 
Unless otherwise 
specified, Vo 
= 12V ± 10%, Vcc = 5V ± 5%, VC1 = 5V ± 5%, fA = 25°C. 


SYMBOl 
I 
PARAMETER 
CONDITIONS 
~ 


INC, DEe Inputs (Continued) 


V1H 
High 
Voltage 
Input 
Pin 5 (ML4427) see figure 
2, Vcc 
= 5V 
4.2 
5.0 
V 


Vil 
Low Voltage 
Input 
Pin 5 (ML4427) see figure 
2, Vcc 
= 5V 
0 
3.1 
V 


IIH 
High 
Current 
Input 
Pin 6, V1N = 1.9V 
-5.0 
+1.0 
pA 


III 
Low Current 
Input 
Pin 6, V1N = OV 
-25 
-1,9 
pA 


IIH 
High 
Current 
Input 
Pin 5 (ML4417), V1N = 5V 
+30 
+200 
pA 


III 
Low Current 
Input 
Pin 5 (ML4417), V1N = 0 - 
0.9V 
-25 
+40 
pA 


IIH 
High 
Current 
Input 
Pin 5 (ML4427), V1N = 5V 
+1.0 
+20 
pA 


III 
Low Current 
Input 
Pin 5 (ML4427), VIN = 3.1V 
-0.1 
+70 
pA 


V1H 
High 
Voltage 
Input 
Vcc 
= 5V 
3.0 
4.2 
5.1 
V 


V1l 
Low Voltage 
Input 
Vcc 
= 5V 
2.5 
3.4 
4.6 
V 


VA 
Voltage 
Swing 
V1H - VII.• Vcc 
= 5V 
.5 
2.0 
V 


IIN 
Input 
Current 
DC Bias Value 
35 
pA 


VREF1 
Inverting 
Input 
of Amplifier 
VC2/2 
V 
GM 
Transconductance 
fl.1 (Pin 2) 7 fl.V (Pin 3) 
275 
pmho 


ISAT 
Limiting 
Value of Output 
Current 
Pin 2 
±120 
pA • 


QIN2' 
5 
INC 


Q PUMP 


QINl 
DEC 


VCC (5V) 
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be controOe"d from a single-CMOS tri-state -output 'as 
follows: HI = increment, LO = decrement, tri-state = 
coast. The benefit is a savings of one output 
pin on a 
control gate array. A resistive termination 
to Vcc/2 is 


required to establish the logic level during tri-state, as 
shown, 


veo 
-- 
(MHz) 
vs. VINT 


2 


Vo = 5V 


(5V-Only 
Operation) 


PIN 16 OUTPUT 


vco 
FREQUENCY 50 
2 
40 


CONOITIONS, 


Va 
• 5Y, vm' 
V~ 
SEEFIGURE 1 


PIN 16 OUTPUT 


VCO FREQUENCY50 
2 
40 


CONOITIONS, 


Va 
• nv, 
vm 
= 
v~ 
SEEFIGURE 1 


veo 
-- 
(MHz) 
vs. VINT 


2 
Vo 
= 12V 


6 


VINT 
IVQIJSI 
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DETEaOR 


I 


I 
I 
L 
.J 


ML4041 


ZONE 
SHEa 
CONTROl 


READ 
DATA 
INPUTS 


DATA 
SEPARATOR 


ML4025 


.ML4417, ML4427 


Radian 
KFP = 2rr-- 


Hertz 


.125mA 
Amp 
K =---- 


</! 
2rr 
Radian 


100% 
% 


Kvea = 2.5V 
Volt (Case = 10pF) 


Volts 
KFLTR 
- 
To Be Derived, 
Units =-- 
Amp 


• 


(R1 + S~l) s~z 
V1 = IQP • ----- 
1 
1 
Rl+-+- 
SC1 
SCz 


SR1C1 + 1 
IQp • --------- 


( 
C1CZ 
) 
S(C1 + Cz) 
SR1 --- 
+ 1 
C1 + Cz 


Kl 
S--C3 
+ 1 
KZGM 


1 
S--C3 


GMKz 


GMKz (SR1C1 + 1) (S ~ 
C3 + 1) 
KZGM 
Ve 
----------- 
:.-= 
(C1CZ) 
IQP 
SZ(C1 
+ CZ)C3 
SR1 --- 
+ 1 


C1 + Cz 


(SR1Cl 
+ 1) (S • 3.6 • 103 C3 + 1) 


( 
C1CZ 
) 
36· 
103 SZ(C1 
+ Cz)C3 
SR1--- 
+ 1 


C1 + Cz 


V 
Kl =.1 V 


V 
Kz = 1 - 
V 


Amp 
GM = 27.5 • 10~-- 


Volt 
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Thus complete 
open loop transfer function 
TOL: 


KFP 
2TT 
.125' 
10-3 


TOL =- 
• K¢. 
KFlTR' 
Kvco 
• FREF=- 
• ---- 
• KFlTR' -. 
FREF 
5 
5 
~ 
~ 


KFlTR 
FREF 
(SR1C1 + 1) (5 • 3.6 • 103 C3 + 1) • FREF 


= -5- • 20 • 103 = 
(C1C2) 
S3(C1+ C2)C3 SR1--- 
+ 1 
• 720 .106 


C1 + C2 


Must define 
desired 
FREF,fa, Z2, P1, Z1; then can proceed 
with 
component 
value determination. 


If FOUT = 36 • 106, N = 50 (typical numbers), then FREF= 720 • 103 
Assume: fa = 1000Hz, 
Z2 = 250Hz, 
P1 = 3000Hz, 
Z1 = 45Hz 


1. Set Z1 with 
C3: 


1 
1 


3.6 • 103 • C3 = -- 
-- 
C3 = ------- 
= .982 * 10--6 - 
111F 


2TTZ1 
2TT • 45 • 3.6 • 103 


2. Set -3 intercept 
frequency 
f3 with 
(C1 + C2): f3 = (Z1Z2fo)1/3= (11.25 • 106)1/3 


720 • 103 
~ 
C1 + C2 = ------------- 
= .358 • 10--6 
(2TT)3 • 11.25 • 106 • 10--6 • 720 • 106 


( C1C2 ) 
R1 
--- 
Z2 
C1 + C2 
C2 
Z2 
250 
3. Ratio - 
= 
- --- 
-- 
C2 = (C1 + C2) - 
= .358 • 10--6 • -- 
= .0298 • 10--6 - 
.030I1F 


P1 
R1C1 
C1 + C2 
P1 
3000 


4. C1 = (C1 + C2) - C2 = .358 • 10--6 - .030 * 10--6 = .328 • 10--6 - 
.3311F 
1 
1 


5. Set Z2 with 
R1: R1C1 = -- 
-- 
R1 = ---~---= 
1.929' 
103 - 
1.91K 
2TTZ2 
2TT * 250 • .33 • 10--6 
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PART NUMBER 
TEMP. RANGE 
PACKAGE 


ML4417CP 
DOC to +7DoC 
MOLDED 
DIP (P16) 


ML4417CS 
DOC to +7DoC 
MOLDED 
SOIC (S16N) 


ML4427CP 
DOC to +7DoC 
MOLDED 
DIP (P16) 
ML4427CS 
DOC to +7DoC 
MOLDED SOIC (S16N) 
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The ML4418 
is a voice coil power driver intended for use in 


High Performance 12V Hard Disk servo systems. The 
ML4418 contains all control circuitry necessary to drive the 
voice coils of most drives. To maximize compliance 
voltage, the ML4418 includes two 1-Amp NPN drivers and 
provides base drive for external PNP transistors. 
In addi- 


tion, power fail detection 
and a low voltage head retraction 


functions are provided for orderly shut-down of the drive. 
A current sense amplifier is included to enable voice coil 
current feedback for velocity calculations. 
Special care has 


also been taken to maximize system loop bandwidth. 


The transconductance 
programmed 
by a logic input at 1/2 
A/Vand 
1/7 A/V respectively, when using a 1n sense 
resistor. This allows for greater DAC resolution in digitally 
controlled 
servos during track follow without 
compromising 
dynamic range during seek. 


The retraction circuit, main drive circuit, and control circuits 
are each powered from their own supplies. 
Retract is self- 


contained for 12V systems but allows the use of an external 
PNP to allow retraction with as little as 1V of back EMF 
from the spindle. 


The power fail detection circuit includes a precision 1.5V 
bandgap reference and a power fail comparator. 


The ML4418 is implemented 
using Micro Linear's bipolar 
array technology. 
This allows for customization 
of the IC 
for a user's specific application. 


• 
Low saturation voltage «1 Vat 
1A.) 


• 
No cross-over distortion with low quiescent current 


• 
VCM coil current output referenced to VREF 


• 
Pin-programmable 
transconductance 
settings 


• 
Retraction circuitry with programmable 
retract voltage 
and separate power pin operates to 1V 


• 
On-chip precision power fail detect circuitry 


• 
Over-temperature 
protection 
with flag output 


• 
Operates from + 12 supplies 


23 


J 
HIGH/lOW 


FROM 


<. SPINDLE 
MOTOR 
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ML4418 
24-Pin SOIC 


VCC 
24 
12V SENSE 


DISABLE 
2 
23 
RETRACT 


HIGH/LOW 
3 
22 
POWER FAIL 


RETR OUT 
4 
21 
+5V 


RET SET 
5 
20 
CaMP 
2 


GND 
6 
19 
CaMP 
1 


R(SENSE) 
7 
18 
CONTROL 
- 


V(RET) 
8 
17 
I(SENSE) + 


SOURCE B 
9 
16 
CONTROL 
+ 


I(SENSE) OUT 
10 
15 
PWRGND 
A 


PWR GND 
B 
11 
14 
SINK A 


SINK B 
12 
13 
SOURCE A 


TOP VIEW 


1 
VCC 


2 
DISABLE 


6 
GND 


7 
R(SENSE) 


8 
V(RET) 


9 
SOURCE B 


10I(SENSE) 


OUT 


11 PWR GND B 


Supply input to power amplifiers 


A Logic "1" puts the IC into a low power 
state and disables the power amplifiers. 


A logic "1" sets the transconductance 
gain 
to 1/2 while a logic "0" sets the gain to 1/ 
7. Transconductance 
gain is the VR(SENSE) 


.•. VCONTROL· 


Open collector output which pulls low 
during retract. 
Used to provide a braking 
signal to spindle. 


External set resistor to establish a voltage 
limit for the internal retract driver. 


Analog signal ground. 


Current sense resistor terminal. 


Supply pin for retract circuits. 


PNP Base drive output for inverting 
power amplifier. 


Output 
of the Current Sense amplifier 


Power return pin for inverting power 
amplifier B. 


Current sinking output for inverting 
power amplifier. 
Connects to voice coil (- 


) terminal. 


PNP Base drive output for non-inverting 


16 CONTROL + 


17 I(SENSE)+ 


18 CONTROL- 


19 COMP 1 


20 COMP 2 


21 +5V 


power amplifier. 


Current sinking output for non-inverting 
power amplifier. 
Connects to voice coil 
(+) terminal. 


Power return pin for non-inverting 
power 
amplifier A. 


Positive input for current command. 


Positive input for current sense amplifier. 


Negative input for current command. 


Pin for external compensation 
capacitor. 


Pin for external compensation 
capacitor. 


Input for +5V for power fail detection 
and 


logic power supply. 


Open Collector output drives low for low 
voltage conditions. 


A logic "0" initiates retract. Also used as 
an open-collector 
over-temperature 
output flag. 


Input to the power fail comparator 
from 


a resistor divider from Vcc. 


• 
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Voltage 
pins 
2, 3, 23, 22 
-O.3V to + 7V 


pins 4,7,8,9,12,13,14,17 
-O.3V to VCC 


Output 
Sink Current 
± 1A 


Retraction 
Current 
80mA 


Retract 
set current 
(pin 
5) 
_....................... 
3 mA 


Junction 
temperature 
150°C 


Storage 
Temperature 
Range 
-65°C 
to 
150°C 


Lead Temperature 
(Soldering 
10 sec.) 
260°C 


Thermal 
Resistance 
(eJA) 
60°C/W 


VCC 
Supply 
Voltage 
1O.8V to 13.2V 


+5V 
(pin 
21) Supply 
Voltage 
4.5V 
to 5.5V 


V(RET) 
(pin 
8) Supply 
Voltage 
2.5V 
to 13.2V 


CONTROL 
+ Voltage 
Range 
(pins 
16) 
OV to VCC 


CONTROL 
- Voltage 
Range 
(pins 
18) 
2AV 
to 6.0V 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the device 
could 
be permanently 
damaged. 
Absolute 


maximum 
ratings 
are stress ratings 
only 
and 
functional 


device 
operation 
is not 
implied. 


Unless 
otherwise 
specified, 
TA=Operating 
Temperature 
Range, 
VCC=operating 
range, 
RSENSE=l12, RCOIL=1512 


CONTROL 
- (pin 
18) = VCC/2, 
RSET(pin 
5) = 7.5K12, C1 =30pF, 
Q1 =Q2= 
MJE21 O. 


TIP 
I 
MAX 
I UNITS 


Offset 
±12 
mA 


Common 
Mode 
Transconductance 
2V:: 
VPIN18:: 6V 
0.5 
1 
mA/V 


Gain 
pin 3 = 2V 
475 
500 
525 
mA/V 


pin 3 = 0.8V 
136 
143 
150 
mA/V 


Maximum 
Bandwidth 
100 
Khz 


Sinking saturation 
lOUT = 100mA 
0.3 
0.6 
V 


lOUT = 300mA 
0.4 
0.8 
V 


lOUT = 500mA 
0.5 
1 
V 


Sourcing 
saturation 
lOUT = 100mA 
0.1 
V 


lOUT = 300mA 
0.2 
V 


IOUT= 500mA 
0.3 
V 


Source A/B Base Drive 
20 
30 
50 
mA 


Ql/Q2 
Standby Current 
PPNP= 200, 
VPIN16 = 5V 
1 
4 
7 
mA 


Turn on time 
800 
nS 


Turn off time 
8 
~S 
Source Voltage 
VPIN23=0.8V, VPIN8= 3V, IpIN7= -50mA 
0.53 
0.75 
0.97 
V 


Sink Current 
VPIN23=0.8V, VPIN8= 1.2V, Vp1N12= 0.6V 
36 
48 
150 
mA 


RETR OUT VOl 
VPIN23=0.8V, Ip1N4=1mA 
0.4 
V 


12V Threshold 
9.5 
10 
10.5 
V 


Hysteresis - 12V Sense 
. 
5 
120 
190 
mV 


5V Threshold 
4.35 
4.525 
4.70 
V 


Hysteresis - 5V Sense 
5 
30 
80 
mV 


Voltage 
High (V1H) 
2 
1.4 
V 


Voltage 
Low (VrLl 
1.4 
0.8 
V 


Current 
High (lIH) 
V1W5V 
±10 
~A 
Current 
Low (lILl 
V1N=OV, except 
pin 23 
-40 
-10 
~A 


V1N=OV, pin 23 only 
-250 
-160 
~A 
Voltage 
Low (pins 22, 4) 
100=lmA 
0.4 
V 


'Micro 
Linear 


Unless otherwise specified, TA=Operating Temperature 
Range, VCC=operating 
range, RSENSE=lQ, RCOIL=15Q 


CONTROL 
- (pin 18) = VCC/2, RSET(pin 5) = 7.5KQ, Cl=30pF, 
Ql=Q2= 
MJE21O. 


TYP 
I 
MAX 


Over-Temperature Detection 


TJ Threshold 
Hysteresis 
Current SenseAmplifier 
Voltage Offset 
, 
±50 
mV 


Differential Mode Gain 
1.95 
2 
2.05 
VjV 
Common Mode Gain 
-44 
dB 


Pin 21 
Pin 21 = 5.5V 
5 
8 
mA 
Pin 1 
VCC-13.2V, VPIN16- VCC/2 
8 
13 
mA 
Pin 8 
VPINB~ 13.2V,VPIN23~ 5V 
3.5 
5 
mA 


FUNCTIONAL 
DESCRIPTION 


POWER AMPLIFIER 


The ML4418 power amplifier circuit is set up as a Howland 
Current source with a fixed gain of 1/2 or 1/7. (set by 
driving pin 3 high or low respectively). 
This architecture 


yields minimal cross-over distortion while maintaining low 
output cross conduction 
currents. 


The gain figure refers to the ratio of input voltage to the 
output voltage seen across RSENSE.For example, at a 1/2 
gain setting, with V(-) input at 2.5V and the V(+) input at 
3V, +500mA would flow through the coil using a O.5Q 
sense resistor. Under the same conditions with pin 3 low, 
the current would be 143mA. 
The ability to change from 


low to high gain allows more complete utilization 
of DAC 
resolution when in the track follow mode. 


Figure 
1. Power 
Amplifier 
Topology 


The output stage is designed to provide minimal saturation 
losses and employs an external PNP transistor for the 
sourcing drive and an internal saturable NPN to sink 
current. 
Sinking saturation drop is typically under OAV. 


Sourcing saturation drop depends on the external transis- 
tors used. To avoid oscillation in the output stage, PNP 
transistors with F~?,50Mhz. should be used. 
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Figure 5. Output 
Saturation 
Voltage 
vs. Output 
Current 


(Q1 = Q2 = MIE210) 


1400 
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~800 
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:0 


~ 
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Figure 6. Output 
Saturation 
Voltage 
vs. Output 
Current 


(Q1 = Q2 = BSR31) 
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Figure 4. Output 
Current: 
V1N= 100 Hz Sine Wave, 
2.4Vp.p, 
Low Gain Mode (VPIN3=0), R(SENSE)= 1Q 


Figure 5. Output 
Current: V1N= 1 KHz Sine Wave, 2.4Vp.p 


Low Gain Mode (VPIN3= 0), R(SENSE)= 1Q 
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The ML4418 circuit consists of a precision trimmed refer- 
ence, resistor dividers and an "or function" comparator 
with 
hysteresis. The output (open collector) 
of this circuit 


appears on pin 22. When either comparator 
input falls 


below the 1.5V reference, pin 22 pulls low. 


The ML4418 retract circuit provides for spindle EMF 
energized power fail retraction of the VCM. When pin 23 
goes low, pin 4 will pull low, providing a signal which can 
be delayed for spindle braking. 
The internal NPN transistor 
will saturate, pulling SINK B (pin 12) low. This portion of 
the circuit 
will 
function with less than 1V on V(RET). An 
internal voltage limited pull·up transistor is provided which 
sources current on pin 7 to the VCM. This circuit will 
operate reliably down to a V(RET) voltage of around 2.5V, 
making the ML4418 retract circuit adequate for 12V 
systems where the spindle motor EMF provided is ad· 
equate. 


Figure 6 shows the saturation characteristics of the SINK B 
output (RSAT= gQ) The RSATof the pull down transistor 
does not vary appreciably with V(RET) voltage. 
Figure 7 


shows the voltage sourced at R(SENSE)during Retract vs. 
R(SET)at various V(RET) input voltages. 


CURRENT SENSEAMPLIFIER 


The current sense amplifier in the ML4418 creates a signal 
referenced to CONTROL 
- (normally the Vref pin of the 


system's DAC and ADC) appearing accross a resistor in 
series with the VCM. 
Its output is twice the voltage that 


appears between pins 17 and 7. 
Figure 6. Retract Source Voltage at Pin 7 vs. R(SET) 


IvcM=50mA 
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POWER AMPLIFIER COMPENSATION 


Figure 8 below shows the equivalent AC circuit for the 
current amplifier. 


- - -v~~ -: 
I(S) 


I(VCM), 
I 
I 


L(M) 
: 
CiS) 


I 


ClM) 
R(S) 


Figure 8. AC Equivalent Circuit for Current Amplifier, 


Voice Coil Motor (VCM) and Snubber 


The amplifier's current bandwidth 
is limited by COUTwhich 


varies with the value chosen for RSENSE 


1197 x (CCOMP + 3.5pF) 
COUT 
= 
-------- 


RSENSE 


Where CCOMPis C1 between pins 19 and 20. With no 
snubber (RSand CS) the bandwidth 
is limited to. 


1 
2.414 
F-3dB = 
21t 
L(M) C(OUT) 


Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with a resistive snubber. 
The optimum 
value of R(S) occurs 
when the following 
condition 
is met: 


L(VCM) 


C(OUT) 


For a given 
C(S), setting R(S) to this value will minimize the 
ringing in the transient response. 
Larger values of R(S)will 


result in more ringing and more bandwidth. 
Smaller values 
of R(S)will result in more ringing and less bandwidth. 


C(S) (snubber capacitor) values of between 200nF and 1 IlF 
are usually necessary to achieve the desired reduction of 
ringing in the step resonse. At the optimum 
value of R(S) 


larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 


Tuning the current loop response can be easily done 
simulating the network in figure 8 with a computer 
simula- 


tor (such as SPICE). 
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+l1V 
t'iV 


17 
21 
VCC 


CS 
+w 


VCC 
VCC 
SOURCE A 
12 


.t!'fI 
1. 
,. 
Ml23.1 
SINK A 
WR 
15 


lS 
PWR 
GND 
A 
XfER 


DIl{) 
VREF OUT 
20 
RSENSE 


MICRO· 
VREf 
IN 
Ml4408 


CONTROllER 
17 
VZS 
CONTROl- 


VOUT 
,. 
CONTROL +SINK B 


PWR GND 
B 
DISABLE 


19 
GAIN 
1 
AGND 
GND 
SOURCE B 


DGND 
fROM 
22 
POWERfAll 
VIRETI 
MOTOR 
WINDINGS 
23 
RETRACT 


HtGHILOW 
RET SET 


RISEn 


TEMPERATURE 


RANGE 
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ML4431 


Servo Demodulator 


The ML4431 provides all of the analog circuitry 
necessary for the demodulation 
of di-bit servo signal 


information 
in Winchester 
disk drives. It interfaces to 


the servo head preamp and provides quadratme 
position signal outputs for the servo controller 
circuitry. 


The ML4431 includes a high-performance 
592-type 


input amplifier 
and differential 
AGC circuit. External 


logic is designed to meet the needs of the particular 
servo system utilizing the VCO and Charge Pump to 
create a PLL time base for Peak Detector gating. The 
SYNC output 
provides servo channel timing 


information 
for the logic. 


The ML4431 has an ECL-type VCO, with an internal 
ECL-to-TIL converter for simplified 
interfacing. 


The ML4431, when combined 
with the ML4402 Servo 


Driver, the ML4403, ML4413 Servo Controller 
and the 


ML4404 Trajectory Generator, provides a flexible 
closed-loop 
servo control system. 


• Combines 
all analog di-bit 
demodulation 
circuitry 


• Logic track-type 
switching 
can be used to minimize 


demodulator 
offset 
• Exponential AGC characteristics 
makes AGC settling 


independent 
of input step size 
• External loop compensation 
of analog blocks 


• External digital circuitry 
allows flexible 
pattern 
format 
• On-chip 
band gap voltage reference 
eliminates 


external 
referencing 
• Operates from 
SV and 12V power supplies 
• Programmable 
Peak Detector 
Discharge Current 
• Digitally-controlled 
AGC set point 


• TIL output 
VCO 


• AGC Sense switchable 
to "POSA only" 
or both 
"POSA and POSB" 


• Compatible 
with 
Micro 
Linear's ML4403, ML4413 


Servo Controller, 
ML4402 Servo Driver and ML4404 
Trajectory Generator 
• 


14 GAIN1 
15 INX 
16 INY 
17 GAIN2 


32 


CDC 
TESTr------l 
POINT I 
I 
IV... 
I 


: 
I 


I 
SYNCSEPARATOR: 


I 
I 
I 
I 


I 
SYNC 10 
I 
I 
I 
_ J 


PKDECAY 


FOUR PEAKDETEGORS 
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Ml4431 
32-Pin pee 


FINC 
TP 
POSB 


FITRI FDECI CDC I POSA 


I 4 
3 
2 
1 
32 31 30 
+5V 
29 
VREF 
VCOI 
28 
+12V 
vcoP 
TJ 
PKDECAY 
VCON 
ML4431CQ 
26 
GATE4 
GND 
PLCC-32 
25 
GATE3 


SYNC 10 
24 
GATE2 


PWM 
23 
GATEl 
VN:.C 
22 
CAP4 
CAGC 
21 
CAP3 


14 1S 16 17 18 19 20 


I INX I GAIN2I CAPlI 
GAIN1 INY N:.CSWCAP2 


PIN DESCRIPTION 


PIN NO. 
NAME 
FUNCTION 
PIN NO. 
NAME 
FUNCTION 


1 
TP 
Composite 
test point, 
normally 
left 
18 
AGCSW 
Selects between 
"POSA only" 
or 


unconnected. 
"POSA and POSB" AGC sense 


2 
FDEC 
Charge pump frequency 
operation. 
logic 
"0" selects "POSA 


decrement 
input. 
only" 
operation. 
logic 
"1" selects 


3 
FINC 
Charge pump frequency 


"POSA and POSB" operation. 


increment 
input. 
19 
CAP1 
Peak detector 
1 capacitor. 


4 
FLTR 
PLL loop compensation 
terminal. 
20 
CAP2 
Peak detector 
2 capacitor. 


5 
+5V 
+5V supply. 
21 
CAP3 
Peak detector 
3 capacitor. 


6 
VCOI 
VCO input. 
22 
CAP4 
Peak detector 
4 capacitor. 


7 
VCOP 
VCO positive output, 
for 
23 
GATE1 
Peak detector 
1 gate input 
(TIL) 


capacitive 
feedback 
to VCOI. 
Logic "1" enabled, "0" disabled_ 


8 
VCON 
VCO negative output, 
drives 
24 
GATE2 
Peak detector 
2 gate input 
(TIL) 


resistive feedback to VCOI. 
Logic "1" enabled, "0" disabled. 


9 
GND 
Ground_ 
25 
GATE3 
Peak detector 
3 gate input 
(TIL) 


10 
SYNC 
SYNC pulse output. 


Logic "1" enabled, "0" disabled. 


11 
PWM 
PWM DAC input to adjust AGC 
26 
GATE4 
Peak detector 
4 gate input 
(TIL) 


set point. 
Logic "1" enabled, "0" disabled. 


12 
VAGC 
AGC gain reference voltage 
input. 


27 
PKDECAY Sets peak detector 
discharge 


current. 


13 
CAGC 
External capacitor 
to set AGC 
28 
+12V 
+12V supply. 


response. 
29 
VREF 
Voltage reference 
output. 


14 
GAIN1 
Input amplifier 
gain adjusting 
RC 


terminal 
1 
30 
POSA 
Position output 
A. 


15 
INX 
X input 
into input 
amplifier. 


POSA = Peak Detector 
1 - Peak 
Detector 
2 


16 
INY 
Y input 
into input 
amplifier. 
31 
POSB 
Position output 
B. 


17 
GAIN2 
Input amplifier 
gain adjusting 
RC 
POSA = Peak Detector 
3 - Peak 


terminal 
2. 
Detector 
4 


32 
CDC 
External capacitor 
terminal 
to set 
DC restore response. 


5-144 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Absolute 
maximum 
ratings are those values beyond 
which 
the 


device 
could 
be permanently 
damaged. 
Absolute 
maximum 


ratings are stress ratings only 
and functional 
device 
operation 


is not implied. 


Power 
Supply 
Voltage 
Range, Vcc 
14V 


Input 
Voltages: 


GAIN1, 
GAIN2 
-D.3 to 8V 


CAGC .........................•.......•........ 
-D.3 to ZOV 


VAG0 PWM, VCOI 
-D.3 to S.3V 


CAP1, CAP2, CAP3, CAP4 
-D.3 to 10V 


GATE1, GATE2, GATB, 
GATE4, VCOP 
-D.3 to Z5V 
INX, IN¥, VCON, 
FINC, FDEC, COG CAG0 FLTR 


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.3 to Vcc +O.3V 


8JAfor PlCC-32 
=60°c/Walt 


Storage Temperature 
Range 
-6SoC to +1S0°C 


Junction 
Temperature 
(TjMAJ() 
150°C 
lead 
Temperature 
(Soldering, 
10 see) 
260°C 


Temperature 
Range 
O°C to 70°C 


Supply 
Voltage 
V(+12V) ...............•......... 
12Voc ± 10% 


Supply 
Voltage 
V(+5V) 
SVoc ± 
10% 


Input 
Coupling 
Capacitance 
(C1) 
O.01J1F 
Input 
Amp 
Gain Capacitance 
(Cd 
0.047J1F 
Input 
Amp 
Gain 
Resistance (Re) 
1kO 
AGC Response Compensation 
Capacitance 
(CA) 
O.018JJF 
Composite 
DC Restore Capacitance 
(Co) 
0.018J1F 


Pll 
Compensation 
Components: 
CCP1 
0.1IJF 
CCP2 .....................................•......•..... 
1J1F 
Rcp 
...............................• 
. . . • . . . . . . . . . . . . .. 
9100 
VCO 
Components: 
Cv 
.................•..........•...•..........•....... 
39pF 
Rv 
15000 
Rl 
6800 
Peak Detector 
Capacitance 
(CAP1 thru 
CAP4) 
270pF 
On track 
Base-to-Peak 
Voltage 
at pin TP 
1.75V 


VGA Gain Control 
Voltage 
(at pin CAGe) 
=2AV 


RSET 
........•......... 
330KO 


ELEORICAL 
CHARAOERISTICS 


The 
following 
specifications 
apply 
over 
the 
recommended 
operating 
conditions 
of TA = O°C to 
70·C, 
V(+12V) = 10.8 to 
13.2Y, V(+5V) = 4.5 to 
5.5Y, VVAGC = 4.0Y, and 
external 
components 
as recommended 
above, 


unless 
otherwise 
specified 
(See 
Note 
1) 


SYMBOL 
I 
PARAMETER 
CONDITIONS 
MIN 
TIP 
MAX 
UNITS 


Power Supply 


1+12 
Supply 
Current 
V+12= 12\\ V+5 = 5V 


1+5 
Supply 
Current 
V+12= 12\\ V+5 = 5V 


TTL Inputs FINC, FDEC, GATE1, GATE2, GATE3, GATE4, PWM, NCCSW 
III 
V1H 
High 
level 
Input 
Voltage 
2.0 
V 


V1l 
low 
level 
Input 
Voltage 
0.8 
V 


I'H 
High 
level 
Input 
Current 
V1H = 2AV 
-1 
30 
J1A 


III 
low 
level 
Input 
Current 
V1l = OAV 
-20 
1 
J1A 


VOl 
low 
level 
Output 
Voltage 
1m = 1.6mA 
0 
0.35 
0.5 
V 


VTHR 
Positive 
going 
input 
threshold 
VREF+0.9 
V 


VTHF 
Negative 
going 
input 
threshold 
VREF 
V 


tpo± 
Propagation 
Delay 
Rising, Falling 
Rl = 2k, Cl = 15pF 
50 
ns 


VCON 
Oulput 


VOH 
High 
level 
Output 
Voltage 


VOl 
low 
level 
Output 
Voltage 


VCO and Charge Pump Section 


'OH = 50J1A 


1m = 1.6mA 


'BIAS 
VC01 Input 
Bias Current 
0 
20 
50 
J1A 


ICH,lols 
FLTR Charge 
and Discharge 
Current 
330 
450 
590 
J1A 


'cH/lolS 
FLTR ChargelDischarge 
Ratio 
0.95 
1.00 
1.05 
J1NJ1A 


'OFF 
FlTR OFF State Current 
FINC = 2.0, FDEC = 0.8 
0 
25 
50 
nA 


FMAJ( 
MAX VCO 
Frequency 
to Maintain 
20 
MHz 
+ and - 5% Control 
Range (Note 
3) 


VQH (FLTR) 
Charge 
Pump 
Maximum 
Voltage 
V(+12VI-12V 
V 


VQl (FlTR) 
Charge 
Pump 
Minimum 
Voltage 
1.0 
V 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
The 
following 
specifications 
apply 
oyer 
the 
recommended 
operating 
conditions 
of TA = OOC to 
70°C, 
V(+12V) = 10.8 to 
13.2V, V(+SV) = 4.5 to 
5.5V, V AGC = 4.0V, and 
external 
components 
as recommended 
above, 


unless 
otherwise 
specified 
(See 
Note 
1) 


SYMBOL 
I 
PARAMETER 
CONDITIONS 
MIN 
TYP 
__ 
MAX 
U_N_I_TS_ 


YCO and Charge Pump Section (Continued) 


FyCO 
YCO 
Frequency 
Range (Note 
3) 
TA = 250(' 
Y+s = 5V, 
9.7 
10.0 
10.3 
MHz 


VFLTR = 6\0; Cy = 30pF, 
Ry = 3.741<0, see figure 
1 


KyCO 
VCO 
Voltage 
to Frequency 
Factor 
2 
%/V 


R1N 
INX, INY Differential 
Input 
Resistance 
7 
10 
14 
kO 


IGA1N1,2 
GAIN1, 
GAIN2 
Bias Current 
, 
0.66 
1.0 
1.20 
mA 


R1NAGC 
VAGC Input 
Resistance 
7 
10 
13 
kO 


GMAGC 
AGC Transconductance 
at CAGC 
i 
370 
I1MHOS 


RAGC 
Control 
Range of AGC Loop to Regulate 
7/1 
V/V 
Composite 
Amplitude 
to within 
2% 
of Nominal 


BW 
Bandwidth 
from 
INX, INY to Composite 
10 
15 
MHz 


(Note 
4) 


GMDCR 
DC Restore Transconductance 
500 
I1MHOS 


10lS 
Discharge 
Current 


Yoitage Reference 


VREF 
Reference 
Voltage 
TA = 25°C 
, 
4.75 
5.00 
5.25 
V 


TC 
Tempco 
50 
ppm/oC 


RoUT 
Load Regulation 
2 
mV/mA 


PSRR 
Line Regulation 
10 
mVIV 


IS1NK 
Maximum 
SINK Current 
0.8 
mA 


Input 
Offset 
" 
Vos 
VCAp1-4 = 6V 
-10 
0 
10 
mV 


Ay 
Gain 
1.15 
1.20 
1.25 
V/V 


AyA/AYB 
Gain Tracking 
. 
-3 
0 
+3 
% 


VOUT 
Output 
Voltage 
Range 
~ 
. 


1.0 
9.5 
V 


IsRC 
Output 
Source 
Current 
3 
mA 


ISNK 
Output 
Sink Current 
2 
mA 


SR 
Slew Rate 
2.5 
V//lS 


BW 
3dB Gain Bandwidth 
3 
MHz 


Note 1: 
O°C to 70°C operating temperature 
range devices are 100% tested with temperature 
limits guaranteed by 100% testing, sampling, or 


correlation 
with 
worst-case 
test conditions. 


Note 2: 
Typicals are parametric norm at 2S°C. 


Note 3: 
This parameter is guaranteed but not 100% tested and is not used in outgoing 
quality level calculalions. 


APPLICATION HINTS 
Using a nominal on-track servo signal, amplitude 
adjustment should be made as follows: 


1. Set composite 
signal amplitude, 
measured at pin Tp, by adjusting voltage at pin VN;,C(approximately 
4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 
2. Adjust Rg so that the VGA is in mid-range. This is determined 
by measuring the voltage at pin CN;,O it should be approximately 
0.9 volts. 
CN;,Cvoltage will vary approximately 
±O.S volts over the AGC range. 


'Micro 
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The input amplifier 
is equivalent 
to a wide-band 
592 


type video amplifier 
and provides 
amplification 
and 


buffering 
to the AGC circuitry. 
The Inputs INX and INY, 
which 
must be AC coupled, 
accept the composite 


analog signal from the servo head differential 
preamplifier. 
Internal 
input termination 
resistors 


eliminate 
the need for external 
bias resistors. 


Prefiltering 
of the signal is normally 
desired to eliminate 
unwanted 
components. 
External components 
RG and 


CG determine 
the input amplifier's 
low frequency 
cutoff. 


and gain as follows: 


1 
FC=----- 


2rr(RG + 600)CG 


1700 
Av = -R-G-+-60-0- 


Where: 
CG = External series capacitance 
between 
pins 
GAIN1 and GAIN2 
Rc = External series resistance between 
pins 
GAIN1 and GAIN2 


AUTOMATIC GAIN CONTROL (AGO 


The purpose 
of the AGC loop is to maintain 
a constant 


peak output 
voltage level at outputs 
POSA and POSB. 


This peak level is established 
by the reference 
voltage 


applied 
to pin VAGC. 


Vp.p (CompositePositionPulses)= K1 x VAGC+ K2 


Where: 
K1 = 0.65 
K2 = .13 • VREF 


In this dosed-loop 
system, the peak detector 
output 


voltages are fed back and combined 
with the VAGC 
voltage to provide 
a gain control 
current. 
The current 


controls 
the variable gain amplifier 
(VGA) and is 


compensated 
at pin CAGCto provide 
control 
of AGC 


bandwidth. 
The bandwidth 
of the entire AGC loop 
is 
determined 
by: 


Where: 
K 
= 2.8 x 10-4 


VVAGC = External reference 
voltage at pin VAGC 


CA 
= External capacitance 
at pin CAGC 


PWM CONTROL OF AGC SET POINT 


The PWM input 
(pin 10) accepts a variable duty-cyde 
input to control 
the AGC set point. The relationship 


between 
duty-cyde 
and set point 
is: 


100% duty-cyde 
AGC set point 
is equal to VREF. 


0% duty-cyde 
AGC set point 
equal to 0.6 x VREF. 


A filter capacitor 
from 
pin 11 to ground 
is required 
to 


filter the PWM signal. This capacitor 
should 
be 


sufficiently 
large relative to the 10KO nominal 
internal 


termination 
resistance at pin 11. 


The AGC set point 
may be set manually via direct 


voltage control 
of pin 12 if desired. Pin 11 should 
be 


grounded 
in this case. 


SWITCHING THE AGC SENSE RESISTORS 


The AGCSW input (pin 17) allows selection 
of the AGC 


sense. The choices are: 


AGCSW low 
AGC senses POS A peak 
detector 
outputs 
on Iy. 


AGCSW high 
AGC senses POS A and POS B 
peak detector 
outputs. 


COMPOSITE AMPLIFIER 


The input amplifier 
and AGC circuit 
of the ML4431 
operate 
in a differential 
signal mode to provide 
good 


common 
mode and power 
supply 
rejection. 
The 
composite 
amplifier 
converts the differential 
signal into 


a buffered 
single-ended 
signal for the peak detector 


circuitry. 
The DC base line of the composite 
signal is 
equal to VREF.The bandwidth 
of the DC restore 
function 
is controlled 
by capacitor 
Co at pin Coc with 
the following 
relationship: 


BW=~ 
2rr CD 
1 
Where: 
gm = 2KO 


CD = External capacitance 
at pin Coc 


The composite 
signal is available at pin TP and is 


normally 
left unconnected. 
For short circuit 
protection 
a 7500 resistor is connected 
in series with 
pin TP 
internally. 
• 


SYNCHRONIZATION PULSE SEPARATOR 


The SYNC pulse separator is a threshold 
comparator 
with 
hysteresis which 
passes pulses from the composite 


amplifier 
above a set threshold. 
It provides 
a buffered 


TIL output. 
The SYNC output, 
when 
gated through 
an 


external one-shot, 
is used to control 
the external gate 


timing 
and PLL logic. Active pull-up 
differs from 
ML4401 


SYNC. 


PEAK DETECTOR 


The peak detector 
circuit 
captures the peak signal 
amplitude 
of the di-bit 
pulses. The gates are controlled 


by inputs GATE1 through 
GATE4. Timing 
is established 


by the external 
logic circuitry. 
The external 
peak 
detector 
capacitors 
are connected 
from 
pins CAP1 


through 
CAP4 to ground. 
The peak detector 
discharge 


rate (set by CAP1-CAP4 and current 
out of PKDECAY) 


determines 
the maximum 
track crossing rate during 
an 
access operation. 
The peak detector 
outputs 
are fed 
into internal 
differential 
amplifiers 
that calculate 
the 


track error signals and provide 
buffered 
outputs 
POSA 


and POSB as follows: 


POSA = 1.20 (CAP1 - CAP2) + VREF 
POSB = 1.20 (CAP3 - CAP4) + VREF 
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PEAKDETEGOR DECAYRATECONTROL 


The decay rate of the peak detector can be 
programmed 
by changing the external resistor RSET(pin 


26, see connection 
diagram). The decay rate is 
determined 
by the discharge current for the hold 


capacitors C1 - C4. The relationship 
between the 
discharge current and RSETis: 


VREF 


IDISCHARGE 
=-RSET 


VOlTAGE CONTROLLED OSCILLATORAND 
CHARGE PUMP 


The VCO and external phase compare logic provide a 
time base for peak detector gate synchronization. 
Inputs FINC and FDEC provide increment and 
decrement 
signals to the charge pump for changing the 


oscillator frequency. The FINC and FDEC inputs gate 
the charge pump for the duration of the pulse width. 
The RC timing network formed by Cv and Rv at pins 
VCOI, VCON, and VCOP control-the 
oscillators center 


frequency_ (See Typical Performance Characteristics) 


Rv should be greater than 10000, Too low of a value 
will result in excessive power dissipation. RL should be 
about 6800. 


The VCO output should only be taken from pin VCON. 
Charge pump capacitor CCPl is connected 
from pin 


FLTRto ground. Components 
Rcp and CCP2are also 
connected 
in series from pin FLTRto ground to provide 
VCO loop compensation. 


VREFis an internal band-gap voltage reference. It is 
buffered and available at pin VREFand is used by the 
ML4402, ML4403, ML4404 and other chips requiring 
a 5 
volt reference. 


The external logic provided by the user typically has a 
complexity 
of about 150 to 300 equivalent gates. 


Complexity 
and architecture 
depends on the users di- 
bit pattern and control function. 


Note: 
Stray capacitance 
should 
be considered 
in applying 
the 
above 


relationships 
when 
low capacitor 
values are used. Stray 


capacitance 
of the 
integrated 
circuit 
terminal 
is typically 
about 
2 to 3pF. 
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TEST 
~R:F--- - --1 


POINT, 
I 
, 
, 
, 


I 
, 


I 
I 
IL 
_ 


C, 


INX --1 


INV--1 


C, 


CG 
FlTR 


FDEC 


FiN<: 


I 


ECl TO 
I 
TIl 
- 
Gl G2G3 
G4 
I 


I 
I 
VREF 


CV 


RV 
YCOP 
7 
I 


I 
I 
VREF 
YCON 81 
I 
27 
19 
20 
21 
22 
+12V 
+5Y 
-------- 
_ J 
23 24 25 26 
! 
28 
Rl 
Rm 
GATES 
lifT 
!~ND 
• 


F 
= 
2.5MHz 


CG 
= 
O.047~F 
Be = 
7502 
TA 
IE: 
25°C 
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PART NUMBER 


ML4431CQ 


PACKAGE 


MOLDED pee (Q32) 


TEMP. RANGE 


Doe to +7Doe 
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July 1992 


PRELIMINARY 


-5V Disk Voice Coil Servo Driver 


The ML4S06 is a voice coil power driver intended for use 
in SV Hard Disk servo systems. The ML4S06 contains all 
power and control circuitry 
necessary to drive the voice 
coils of most small form factor drives. In addition, 
power 


fail detection 
and head retraction functions are provided 
for orderly shut-down 
of the drive. 


The transconductance 
is programmed 
by a logic input at 


1/4 A/V and 1/24 A/V respectively, using a 1n sense 
resistor. This allows for greater DAC resolution 
in digitally 
controlled 
servos during track follow 
without 


compromising 
dynamic 
range during seek. 


The retraction circuit, 
main drive circuit, 
and control 


circuits are each powered from their own supplies. 
This 
allows maximum 
flexibility 
and provides for the lowest 


forward drop by eliminating 
the need for a blocking 
diode. 


The power fail detection 
circuit 
includes a precision 
1.SV 
bandgap reference. 


The ML4S06 is implemented 
using Micro 
Linear's bipolar 
array technology. 
This allows for easy customizing 
of the 


IC for a user's specific application. 


• 
SOOmA power output 
with 1.3V total forward drop 


• 
Low offsets, cross-over distortion 
and quiescent current 


• 
Pin-programmable 
transconductance 
settings 


• 
Retraction circuitry 
with programmable 
retract current, 
voltage limiting, 
and separate supply pin. 


• 
On-ch(p 
precision power fail detect circuitry 


• 
Over-temperature 
protection 
with flag output 


• 
Logic input available for disabling outputs 


• 


I 
I 
I 


"'" 
RETRACTION 
, 


_______________ 
J 
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ML4506 


PIN CONNECTION 
ML4506 
20-PIN SOIC (S20W) OR 20-PIN SSOP (R20W) 


RETRACT 


RETROUT 


POWER FAIL 


SVCOMP 


REF 


CONTROL+ 


CONTROL- 


PWR GND B 


OUTPUT- 


PWRVC 


vcc 


DISABLE 


RETSET 


HIGH/LOW 


GND 


VO" 


RSENSE 


PWRGNDA 


OUTPUT+ 


OUT+ SENSE 


PIN# 
NAME 
FUNCTION 
PIN# 
NAME 
FUNCTION 


Vcc 
Positive Power supply for the Ie. 
12 
OUTPUT- 
Negative Output terminal for bridge 


Normally 
connected 
to +5V. 
amplifier. 


2 
DISABLE 
A logic "1" turns off the main 
13 
PWRGND 
B 
Ground Terminal for power 
outputs. 
amplifier. 


3 
RET SET 
A Current into this sets up the 
14 
CONTROL- 
Negative input for current 
voltage limit for the internal retract 
command. 
sourcing circuit 
15 
CONTROL+ 
Positive input for current command. 
4 
HIGH/LOW 
A logic "1" sets the 
16 
REF 
Reference inputto 
the Power Fail 
transconductance 
gain to 1/4 while 
a logic "0" sets the gain to 1/24. 
comparator. 
Leave open to use 


Transconductance 
gain is defined 
internal 2..5V reference. 


as: 
17 
5VCOMP 
Input to the Power Fail Comparator. 


VRSENSE 
Can be connected 
to a bypass 
capacitor 
for noise immunity. 
(CONTROL +)-(CONTROL-) 


18 
POWER FAIL 
Open collector 
output drives low if 
5 
GND 
Analog Signal Ground 
pin 17 or pin 18 are below pin 16. 
6 
VRET 
Power supply for the retract circuit. 
Normally 
tied to pin 20. 


7 
RSENSE 
Current sensing resistor terminal. 
19 
RETROUT 
Open collector 
output pulls low to 


8 
PWRGNDA 
Ground Terminal for power 


drive external PNP for retract if Vcc 
is less than 3.5V and pin 20 is low. 
amplifier 
A. 
20 
RETRACT 
A logic "0" input causes the main 
9 
OUTPUT+ 
Positive Output terminal for bridge 
outputs to tri-state and the 
amplifier. 
retraction circuit to activate. 
This 


10 
OUT+ SENSE Positive Amplifier 
Kelvin sense 
input also functions 
as a flag output 


terminal. 
Tie to OUTPUT +. 
and will go low in the event of an 


+5V supply for bridge amplifier 


over-temperature 
condition. 


11 
PWR VC 
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Junction 
Temperature 
150°C 
Storage 
Temperature 
Range 
-65°C 
to 150°C 


Lead Temperature 
(Soldering 
10 sec.) 
150°C 


Thermal 
Resistance 
(ajA) 


SOIC 
Package 
(S) 
55°C/W 


SSOP Package 
(R) 
65°CNJ 


Absolute 
maximum 
'ratings 
are those 
values 
beyond 
which 


the device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 
are stress ratings 
only 
and 
functional 


device 
operation 
is not 
implied. 


Supply 
Voltage 
(pins 
1,6,11) 
7V 


Voltage Pins 2,4, 1B,19,20 
-0.3V 
to +7V 


Pins 
14, 
15 
-0.3 
to +Vcc 
Output 
Current 
±750mA 
Retraction 
Current 
BOmA 
Retract 
set current 
(pin 
3) 
3mA 


Temperature 
Range 
O°C to 70°C 
Supply 
Voltage (pins 
1,11) 
5V ± 10% 
VRET (pin 
6) 
1V to Vcc 


ELECTRICAL CHARACTERISTICS 


Unless 
otherwise 
specified, 
TA = Operating 
Temperature 
Range, 
Vcc = 5V ± 10%, 
RSENSE= 1n, 
CONTROL- 
(pin 
15) = 2.5V, 
RSET(pin 
3) = 3-.7kn, 
Load 
= 1on. 


PARAMETER 
I 
CONDITION 
MIN 
TYP 


AMPLIFIER 


MAX 
I 
UNITS 


Control 
Common 
Mode 
Range 
". 


, 


0.5 
Vcc-1 
V 


Offset 
±1O 
mV 


Transconductance 
Gain 
pin 4 = 2V 
238 
250 
263 
mNV 


pin 4 = 0.8V 
39.6 
41.7 
43.8 
mNV 


Bandwidth 
100 
kHz 


Sinking 
saturation 
IOUT= 100mA 
0.5 
V 


lOUT = 300mA 
0.6 
V 


lOUT = 500mA 
0.8 
V 


Sourcing 
saturation 
lOUT = 100mA 
1.1 
V 


lOUT = 300mA 
1.2 
V 


lOUT = 500mA 
1.3 
V • 
IRETSET 
} . 
.. 0.75 
V 


Turn on time 
300 
ns 


Turn off time 
8 
JlS 


Sink current 
(lPIN12) 
VPIN12 = Oo4V 
34 
50 
150 
mA 


Source Voltage 
(VPIN7) 
IpIN7 = -SOmA 
004 
0.6 
0.8 
V 


Reference Voltage 
1.35 
1.50 
1.65 
V 


Reference Source Impedance 
2.25 
kn 


5V Threshold 
4040 
4.575 
4.75 
V 
Hysteresis 
30 
mV 


Voltage 
High (VIH) 
2 
104 
V 


Voltage 
Low (VIL) 
104 
0.8 
V 


Current 
High (lIH) 
V1N= 5V 
±10 
mA 


Current 
Low (IlL) 
VIN = OV, except 
pin 20 
-40 
-10 
mA 
V1N= OV, pin 20 only 
-250 
-160 
mA 


Pin 1 + Pin 11 


Pin 6 


VPIN14 = VPIN15 = 2.5V 


VPIN14 = 2.5V 
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The ML4S06 power amplifier 
circuit 
is set up as a 
Howland 
Current source with a fixed gain of 1/4 or 1/24 


(set by driving 
pin 4 high or low respectively). 
This 


architecture 
yields minimal 
cross-over distortion 
while 


maintaining 
low output cross conduction 
currents. 


The gain figure refers to the ratio of input voltage to the 
ou~put voltage seen across RSENSE.For example, at a 1/4 
gain selling, with V(-) input at 2.SV and the V(+) input at 
3.SV, +SOOmA would 
flow through the coil using a o.s12 


sense resistor. Under the same conditions 
with pin 4 low, 


the current would 
be 83mA. 
The ability to change from 


low to high gain allows more complete 
utilization 
of DAC 
resolution when in the track follow 
mode. 


The output stage (figure 2) is designed to provide minimal 
saturation losses and employs a "composite 
PNP" for the 
sourcing drive and a saturable NPN to sink current. 
Sourcing saturation drop is typically 
0.9V while sinking 
saturation drop is typically 
OAY. 


precision trimmed 
reference, resistor dividers, and a 
comparator 
with an effective hysteresis of 30mY. 
The 
output at pin 18 is open-collector 
and is normally 
tied to 


pin 1 which 
is internally 
pulled-up 
to SY. 


RETRACT 


The retract circuit features provision 
for very low voltage 
operation 
as well as voltage limiting 
when a "live" 
retract 
with SV on VRETis performed. 
When pin 20 goes low, the 


Internal NPN transistor will saturate, pulling 
SINK B 
(pin 11) low. 
A RETROUT signal (open collector) 
saturates to drive an external PNP source transistor when 
pin 20 is low and when VRET(pin 6) is below 3.SY. This 
portion of the circuit 
will 
function 
with less than 1V on 
VRET· 


An .internal voltage limited 
pull-up 
circuit 
is provided 
which 
sources current on pin 7 to the VCM. 
This limit is 
set by an external resistor (see fig. 7) This circuit will 
operated reliably down to a VRETvoltage of around 2.SY. 
Pin 20 (Retract input) also serves as a flag to indicate an 
over-temperature 
condition 
on the die and goes low when 


the die temperature exceeds a safe operating 
limit (about 


160°C). 


~~Micro 
Linear 


~ 
o 
~ 
1.5 
.. 
o..oo..! 
2 0.5 


50 
100 
150 
200 
250 
300 
350 
400 
450 


OUTPUT 
CURRENT (mAl 


Figure 3. Output 
Saturation 
Voltage vs. Output 
Current. 
(Vcc = PWR VC = 5V) 


Figure 4. Output 
Current: 
VIN = 100Hz Sine Wave, 100mAp_p 


Low Gain Mode (VPIN 5 = 0), ~SENSE= 0.50, 
RL = 100. 


Figure 5. Output 
Current: 
V1N= 1kHz Sine Wave, 100mAp_p 


Low Gain Mode (VPIN 5 = 0), RSENSE= 0.50, 
RL = 100 • 


Figure 6. Total Harmonic 
Distortion 
vs. Frequency. 


Low Gain Setting (VPIN5 = 0), RSENSE= 10, VIN = 2.4Vp_p 
High Gain Setting (VPIN5= 0), RSENSE= 10, V1N= 0.4Vp_p 


• 


RSET (kU) 


Figure 7. RSETvs. Retract Source Voltage Limit. 
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Figure 8 shows the equivalent 
AC circuit for the 
transconductance 
amplifier. 


r------, 
: 
VCM 


IVCM 


Figure 8. AC Equivalent 
Circuit 
for Current 
Amplifier, 
Voice Coil Motor 
(VCM) and Snubber. 


The amplifier's 
current bandwidth 
is limited 
by COUT 


which 
varies with the value chosen for RSENSE 


C 
25nF 
OUT=--- 
RSENSE 


F 
- 
1 
2414 


-3dB 
- 
21t 
L(M) CrOUT) 


Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, 
some damping 
is desirable to 


reduce ringing in the step response. This is accomplished 
with resistive snubber. The optimum 
value of R(S)occurs 


when the following 
condition 
is met: 


For a given C(S), setting R(S)to this value will 
minimize 


the ringing in the transient response. Larger values of R(S) 
will 
result in more ringing and more bandwidth. 
Smaller 
values of R(S)will 
result in more ringing and less 


bandwidth. 
R(S)should not exceed 300n. 


C(S) (snubber capacitor) values of between 200nF and 1iJ.F 
are usually necessary to acheive the desired reduction 
of 


ringing in the step response. At optimum 
value of R(S) 


larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 


Tuning the current loop response can be best done 
simulating 
the network in figure 8 with a computer 
simulator 
(such as SPICE). 
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ADVANCE INFORMATION 


low Saturation 5V Voice Coil Servo Driver 


The ML4S08 is a voice coil power driver intended for use in 
both High Performance SV Hard Disk servo systems. The 
ML4S08 contains all control circuitry necessary to drive the 
voice coils of most small drives. To maximize compliance 
voltage, the ML4S08 includes two 1 Amp NPN drivers and 
provides drivers for external PNP transistors. In addition, 
power fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the drive. 


The transconductance programmed by a logic input at 1/4 
A/Vand 
1/24 A/V respectively, when using a H2 sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without compromising 
dynamic range during seek. 


The retraction circuit, main drive circuit, and control circuits 
are each powered from separate supply pins. 
Retract is 
self-contained and allows the use of an external PNP for SV 
systems to allow retraction with as little as 1V of back EMF 
from the spindle. 


The power fail detection circuit includes a precision 1.SV 
bandgap reference and a power fail comparator. 


The ML4S08 is implemented using Micro Linear's bipolar 
array technology. This allows for customization of the IC 
for a user's specific application. 


• 
Low saturation voltage «1 Vat 1A.) 


• 
No power supply blocking diode necessary 


• 
No cross-over distortion with low quiescent current 


• 
Pin-programmable transconductance settings 


• 
Retraction circuitry with programmable retract voltage 
and separate power pin operates to 1V 


• 
On-chip precision power fail detect circuitry 


• 
Over-temperature protection with flag output 


• 
Operates from +SV suppllies 


r ;;~;-F~l-- ------- 
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ML451 0 


5V SensorlessSpindle Motor Controller 


The ML4510 provides complete commutation 
for delta 


or wye wound Brushless DC (BLDC) motors withQut 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation 
phase angle using phase lock loop 


techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 


Included in the ML4510 is the circuitry 
necessary for a 


Hard Disk Drive microcontroller 
driven control 
loop. 


The ML4510 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. 
Speed feedback for the micro 


is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation 
is performed 


by the ML4510. Braking and Power Fail are also 
included in the ML4510. 


Since the timing of the start-up sequencing is 
determined 
by external circuitry, the system can be 


optimized for a wide range of motors and inertial 
loads. 


The ML4510 modulates the gates of external N-channel 
power MOSFETsto regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 


• Back-EMF Commutation 
Provides Maximum 
Torque 


for Minimum 
"Spin-Up" 
Time for Spindle Motors 


• Accurate, Jitter-Free Phase Locked Motor 
Speed 


Feedback Output 
• Operates on Single 5V Power Supply 
• Linear or PWM Motor 
Current 
Control 
• EasyMicrocontroller 
Interface for Optimized 
Start- 
Up Sequencing and Speed Control 
• Power Fail Detect Circuit 
• Drives External N-Channel 
FETsand PNP's or 
P-Channel FETs 
• 
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Ml4510 
28-Pin SOIC (S28W) 


GND 
28 
IICMD) 


PNPI 
27 
IIUMIl) 


PNP2 
26 
BRAKE 


vea 
25 
vee 


PNP3 
H 
PH3 


ColA 
23 
PH2 


OTA 
OUT 
22 
PH1 


OTA 
IN 
21 
IlRAMP) 


N1 
20 
RC 


N2 
10 
19 
NC 


N3 
11 
lB 
ENABLE 
E/A 


)ISENSEI 
12 
17 
PWR 
FAIL 


cos 
13 
16 
RESET 


eveD 
14 
15 
VCO 
OUT 


PIN DESCRIPTION 


PIN II 
NAME 
FUNGION 
PIN II 
NAME 
FUNGION 


1 
GND 
Signal and Power Ground. 
16 
RESET 
Input which holds the VCO off 


2 
PNP1 
Drives the external PNP power 
and sets the Ml4510 to the 


transistor driving motor PH1. 
RESETcondition. 


3 
PNP2 
Drives the external PNP power 
17 
PWR FAIL 
A "0" output 
indicates 5V is 


transistor driving motor PH2. 
under-voltage. 


4 
VCC2 
5V power. 
18 
ENABLEEtA 
A "1" logic input enables the 
error amplifier and closes the 
5 
PNP3 
Drives the external PNP power 
back-EMF feedback loop. 


transistor driving motor PH3. 
19 
NC 
No Electrical Connection. 
6 
CorA 
Compensation 
capacitor for 
20 
RC 
VCO loop filter components. 
linear motor current amplifier 
loop. 
21 
I(RAMP) 
Current into this pin sets the 


7 
OTA OUT 
Output 
of motor current error 
initial acceleration rate of the 


amplifier, normally connected 
to 
VCO during start-up. 


OTA IN or to external MOSFET 
22 
PH1 
Motor Terminal 1. 


gate. 
23 
PH2 
Motor Terminal 2. 


8 
OTA IN 
Driving voltage for N1-N3. 
24 
PH3 
Motor Terminal 3. 
Normally tied to OTA OUT. 
25 
VCC 
5V power supply. Terminal which 
9-11 
N1, N2, N3 
Drives the external N-channel 
is sensed for power fail. 
MOSFETsfor PH1, PH2, PH3. 
26 
BRAKE 
A "0" activates the braking 
12 
I(SENSE) 
Motor current sense input. 
circuit. 


13 
Cas 
Timing capacitor for fixed off- 
27 
1(L1MIT) 
Sets the threshold for the PWM 
time PWM current control. 
comparator. 


14 
Cvea 
Timing capacitor for VCO. 
28 
I(CMD) 
Current Command for Linear 


15 
VCO OUT 
Logic output from VCO. 
Current amplifier. 
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ABSOLUTE MAXIMUM 
RATINGS 


Absolute 
maximum 
ratings are those values beyond 
which 
the 
device 
could 
be permanently 
damaged. 
Absolute 
maximum 


ratings are stress ratings only 
and functional 
device 
operation 
is not implied. 


Temperature 
Range 
O°C to +70°C 


Vcc Voltage 
(pins 4, 25) 
5V ± 10% 


I(RAMP) Current 
(pin 21) ..................•....... 
0 to 100IJA 


I Control 
Voltage 
Range (pins 27, 28) 
.....•......... 
OV to 3V 


Supply 
Voltage 
(pins 4, 25) 
7V 


Output 
Current 
(pins 2, 3, 5, 9, 10, 11) ...•...•..... 
±150mA 


logic 
Inputs 
(pins 16, 18, 26) .................•..... 
-0.3 to 7V 


I(SENSE)Voltage 
(pin 12) .................•.............. 
0.9V 


Junction 
Temperature 
...................•............. 
150°C 


Storage Temperature 
Range 
.....•.. 
...{i5°C to +150°C 
lead 
Temperature 
(Soldering 
10 sec) 
150°C 
Thermal 
Resistance (6JA) .. 
. 
" 
60°C/W 


ELEORICAL CHARAOERISTICS 
Unless 
otherwise 
specified, 
TA = Operating 
Temperature 
Range, 
Vcc 
= VCC2 = SY, RSENSE= 10, 
COTA = CVCO = .01,tiF, 


COS 
= .02jJF 


Frequency 
vs. VP1N20 
1V S VP1N20 S 3.5V 
670 
HzlV 


Frequency 
Vvco 
= 2.5V 
830 
1675 
2500 
Hz 


Vvco 
= .5V 
120 
245 
350 
Hz 


Reset Voltage 
at Cvco 
Mode 
= 0 
125 
250 
mV 


VRC 
Mode 
0 
125 
250 
mV 


IRC 
Mode 
1, RRAMP= 39KO 
16 
33 
50 
IJA 


Mode 
2A, VPH2 ~ 0.5V 
30 
60 
90 
IJA 


Mode 
2A, VPH2 = 2.5V 
...{i 
2 
6 
IJA 


Mode 
2A, VPH2 ~ 4.5V 
-30 
...{i0 
~90 
IJA • 


I(SENSE) Gain 
VP1N27 = 5Y, OV S VP1N28S 2.5V 
4 
5 
6 
VIV 


One 
Shot Off Time 
12 
25 
33 
J.IS 


I(CMD) 
Transconductance 
Gain 
. 
.19 
mmho 


Hysteresis 


logic 
Inputs 


Power Fail Detection 
Circuit 


5V Threshold 


Voltage 
High 
(VIH) 
. 
2 
V 


Voltage 
low 
(Vll) 
.8 
V 


Current 
High 
(lIH) 
V1N ~ 2.7V 
-10 
1 
10 
IJA 


Current 
low 
(Ill) 
V1N ~ OAV 
-250 
-120 
~60 
IJA 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Outputs 
I(CMD) = 1(1IMIT)= 2.5V 


IpNP low 
50 
75 
100 
mA 


IpNP High 
Off State 
-100 
100 
IlA 


VN High 
VP1N 8 = O.5V 
2.4 
3.1 
3.8 
V 


VN low 
.2 
.7 
V 


Av Pin 8 to VN 
VP1N 8 = O.5V 
-3.0 
-3.75 
-4.5 
VIV 


lOGIC low 
lOUT = O.5mA 
.4 
V 


lOGIC 
lOUT High 
5 
IlA 


Supply Currents 
(N and PNP Outputs Open) 
ILMT = 2.5V ICMD = OV 


Vcc Current (Pin 25) 
28 
40 
mA 


VCC2 Current (Pin 4) 
2 
5 
mA 


The ML451 0 provides closed-loop 
commutation 
for 


3-phase brush less motors. To accomplish 
this task, a vca, 


Integrating Back-EMF Sampling error amplifier 
and 
sequencer form a phase-locked 
loop, locking the vca 
to 
the back-EMF of the motor. The IC also contains circuitry 
to control 
motor current with either linear or constant off- 
time PWM modes. Braking and power fail detection 
functions 
are also provided on chip. The ML451 0 is 
designed to drive external power transistors (N-channel 
MaSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 


Start-up sequencing and motor speed control 
are 
accomplished 
by a microcontroller. 
Speed sensing is 
accomplished 
by monitoring 
the output of the vca, 


which will 
be a signal which 
is phased-locked 
to the 
commutation 
frequency of the motor. 


BACK-EMF SENSING AND COMMUTATOR 


The ML451 0 contains a patented back-EMF sensing circuit 
which 
samples the phase which 
is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator 
(VCa) frequency. A late 
commutation 
causes the error amplifier 
to charge the filter 
(RC) on pin 20, increasing the vca 
input while early 


commutation 
causes pin 20 discharge. Analog speed 
control 
loops can use pin 20 as a speed feedback voltage. 


The input impedance of the three PH inputs is about 8Kn 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided 
down in voltage so that the 


maximum 
voltage at any PH input does not exceed vcc. 


See ML4411 data sheet for applications. 


VCO AND PHASE DETECTOR CALCULATIONS 


The vca 
should be set so that at the maximum 
frequency 
of operation 
(the running speed of the motor) 
the vca 
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Figure 2. Typical Motor 
Phase Waveform 
with Back·EMF 


Superimposed 
(Ideal Commutation). 


control 
voltage will 
be no higher than VCCM1N- 1V. The 
VCO maximum 
frequency will 
be: 


FMAX= 0.05 x POLESx RPM 


where POLES is the number of poles on the motor and 
RPM is the maximum 
motor speed in Revolutions 
Per 


Minute. 


The minimum 
VCO gain derived from the specification 


table (using the minimum 
Fveo at Vveo = 2.5V) is: 


KveOIMIN) = 3.3~ x 10-6 


veo 


Assuming that the VveOIMAX) = 3.2V, then 


Cveo 
= 3.2x3.32x10-6 


FMAx 


C 
- 
212 
F 


veo - POLESx RPM Il 


Figure 3 shows the transfer function 
of the Phase Lock 


Loop with the phase detector formed from the sampled 
phase through the Gm amplifier 
with the loop filtered 


formed by R, C" 
and C2. 


The impedance 
of the loop filter is 


I 
I 
I 


I 
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: 
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Figure 3. Back EMF Phase Lock Loop Components. 
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Figure 4. VCO Output 
Frequency vs. Vvco 
(Pin 20) 


Where the lead and lag frequencies are set by: 


(J)LEAD=_1_ 


RC2 


C,+C2 
(J)LAG=--- 
RC,C2 


Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between (J)LEAD= 10 x (J)LAGproduces the following 
calculations 
for R, C, and C2: 


C, ~ 
1.97x10~9 


Cvco 
xF0co 
• 
R= 
12.65 
C2 xFveo 


START·UP SEQUENCING 


When the motor is intitially 
at rest, it is generating no 


back-EMF. Because a back-EMF signal is required for 
closed loop commutation, 
the motor must be started 
"open-loop" 
until a velocity 
sufficient to generate some 


back· EMF is attained (around 100 RPM). 


Two modes are possible for starting the motor. For the 
lowest possible starting time, the chip is held in the reset 
(mode R) state by holding pin 16 low and providing 
full 
current to the motor (figure 5). 


Pin 
Pin 
Pin 
I(UMIn 


Step 
16 
1B 
21 
I(CMD) 


1 
0 
0 
Fixed 
IMAX 


2 
1 
0 
Fixed 
IMAX 
3 
1 
1 
0 
IMAX 
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Step 1: The Ie is held in reset (mode R) with full power 
applied to the windings "(seefigure 7). This aligns the rotor 
to a position which 
is 30° (electrical) 
before the center of 
the first commutation 
state. 


Step 2: A fixed current is input to pin 21 and appears as 
a current on pin 20, and will accelerate the motor at a 
fixed rate. 


Step 3: When the motor speed reaches about 100 RPM, 
the back-EMF loop can be closed by pulling 
pin 18 low. 


Using this technique, 
some reverse rotation 
is possible. 
The maximum 
amount of reverse rotation 
is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 


OUTPUTS 
INPUT 


STATE 
Nl 
N2 
N3 
PNPl 
PNP2 
PNP3 
SAMPLING 


R or a 
OFF 
ON 
OFF 
ON 
OFF 
ON 
N/A 


A 
OFF 
OFF 
ON 
ON 
OFF 
OFF 
PH2 


B 
OFF 
OFF 
ON 
OFF 
ON 
OFF 
PH1 


C 
ON 
OFF 
OFF 
OFF 
ON 
OFF 
PH3 


0 
ON 
OFF 
OFF 
OFF 
OFF 
ON 
PH2 


E 
OFF 
ON 
OFF 
OFF 
OFF 
ON 
PH1 


F 
OFF 
ON 
OFF 
ON 
OFF 
OFF 
PH3 
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SPEEDCONTROl- 
CURRENT lOOP 


To facilitate 
speed control, 
the Ml451 0 includes two 
current control 
loops - 
linear and PWM (figure 8). The 
linear control 
loop senses the motor current on the 
I(SENSE)terminal through 
RSENSE. An internal current 


sense amplifier's 
output modulates the gates of the 3 
N-channel 
MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate to control current. 


The Ml451 0 also includes a current mode constant off- 
time PWM circuit. 
When motor current builds to the 
threshold set on l(lIMIT) 
input (pin 27), a one-shot is fired 


whose timing is set by Coso The current in the motor will 
be controlled 
by the lower of pin 27 and pin 28. 


The motor's source transistor drivers are open-collector 
NPN's with internal 8KQ pull-up 
resistors, whose current 
is controlled 
according 
to the current demanded through 


the motor. To conserve power, the Ml451 0 sets the 
current to PNP1, PNP2, and PNP3, proportional 
to the 


lower of pin 27 and pin 28. 


Drivers Nl 
through N3 are totem-pole 
outputs capable of 
sourcing and sinking 1OmA. Switching 
noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 


BRAKING 


Applying 
a logic 0 on pin 26 activates the braking circuit. 


The brake circuit turns on PNPl through PNP3 and turns 
off NPNl 
through NPN3. 


• 


60 


50 


40 
2- 


30 
0... 


20 


10 


0 
0 
0.01 
0.02 
0.03 
0.04 
0.05 


OOS) 


100 


80 


:( 
60 
g 
0::z 
40 
~ 


20 


•..... 


..•.• 1.--"" """. 
/ 


./, 


.~Micro Linear 


Figure 11 shows a typical application 
of the ML4510 
in a 
hard disk drive spindle control. Although 
the timing 
necessary to start the motor in most applications 
would 
be 


generated by a microcontroller, 
Figure 12 shows a simple 


"one-shot" 
start-up timing approach. 


Speed control 
can be accomplished 
either by: 


1. Sensing the VCO OUT frequency with a 
Microcontroller 
and adjusting I(CMD) via an analog 
output from the Micro (PWM DAC). 


2. Using analog circuitry 
for speed control 
(Figure 13). 


Q1, Q2, and Q3 are MjE21 0 or equivalent. 
Q4, Q5, and 
Q6 are IRFU01 0 or equivalent. 
Base resistors (500) are 
included 
to reduce power dissipation 
in the IC during 


start-up. If requested currents are low, these can be 
eliminated. 
Switching 
transients due to commutation 
can 
be reduced by increasing the 4700 
gate resistors on 
Q4-Q6. 


IICMD) 28 


HUM) 27 


BRAKE 26 


NC 
19 


EN 
EtA 
18 


PWR FL 17 


RESET 16 
vco OUT 
15 
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Symbol 


-- 


Value 


A1 
LM3S8 


Q1 
74HC14 


D1, D2 
1N4148 


R1 
1MO 


R2 
1MO 


R3 
100KO 


Symbol 
value 


R4 
100KO 


RS 
SOKO 


R6 
SOKO 


C1 
3.3pF 


C2 
3.3pF 


C3 
.47pF 
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ML4532, ML4533, ML4536 


Servo Burst Area Detector 


The ML4532 and ML4533 Area Detectors are designed 
to minimize 
the pipeline transport delay while 


accurately quantizing 
the area of servo bursts in high- 


speed embedded 
servo systems. Combined 
with the 


ML2261 or ML2264 High Speed AID Converters, the 
ML4532 and ML4533 are designed to capture back-to- 
back servo bursts in a 700ns or larger window. Power 
dissipation is minimized 
by the use of a digital power 


down pin which allows the area detector to be 
powered down between the servo sectors. The ML4536 
is the ML4533 with different 
reference voltage levels. 


The ML4532 includes a PWM D/A for microprocessor 
control 
of the actuator driver, changing the REFAGCpin 


voltage during 
head change, or other system control 


functions. 


FEATURES 
Ml4532 
Ml4533 
Ml4536 


Package 
Options 
20-Pin 
PCC 
16-Pin 
16-Pin 


or SSOP 
SOIC 
SOIC 


Zero-Scale 
Ref. Output 
Voltage 
1.25V 
1.25V 
T.OV 
Full-Scale 
Ref. Output 
Voltage 
3.75V 
3.75V 
3.4V 
Reference 
Output 
Voltage 
2.5V 
2.5V 
2.2V 
PWM 
D/A Onboard 
Yes 
No 
No 


• Allows for Area Detection 
of 1ps back-to-back 


bursts 
• AGC amplifier 
for maintaining 
accuracy 


• 0.2% nonlinearity 
between 
25% and 75% of input 


signal range 
• 2% nonlinearity 
over the input signal range 


• Provides zero- and full-scale outputs 
for AID 


converter 
• 5V supply, at 29mA for ML4533/ML4S36, 35mA for 


ML4532 
• Digitally 
controlled 
power 
down 
for minimizing 


power 
between 
sectors 
• Bandgap Reference output 
• ML4532 includes 
PWM D/A for controlling 
voice 


coil driver or AGC during 
head change 


• ML4533/ML4536 available in 16-pin SOIC package 


ML4532 available in 20-pin PCC or SSOP package 


• Reference outputs 
defining 
the minimum 
and 


maximum 
demodulation 
output 
values 
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ML4532 BLOCK DIAGRAM AND PIN CONNEalON 
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PIN DESCRIPTION 


ML4533/ 
ML4533/ 
ML4532 
ML4536 
ML4532 
ML4536 


PIN II 
PIN II 
NAME 
DESCRIPTION 
PIN II 
PIN II 
NAME 
DESCRIPTION 


1 
1 
1.25VREF/ Zero scale reference 
11 
9 
IN- 
Negative input. 


1.00VREF output. 
12 
10 
IN+ 
Positive input. 


2 
D/AouT 
Analog output 
of PWM 
13 
11 
VCC 
5V power 
supply. 
D/A. 


2.50 voltage reference 
14 
12 
ZERO X 
Zero detector 
crossing 
3 
2 
2.50VREF 
output. 


2.20VREF output. 


15 
13 
GND 
Ground. 
4 
CPWM 
PWM D/A smoothing 
capacitor. 
16 
MSBpWM PWM D/A most significant 


5 
3 
RESET 
Reset, active high. 


bit input. 


17 
14 
PDN 
Power down 
control, 
6 
4 
DEMOD 
Area detector 
output. 
reduces power 
if logic 
OUT 
high. 
7 
5 
CAGC 
AGC capacitor. 
18 
15 
3.75VREF Full scale reference 


8 
6 
GATE 
Defines area detect 
3.40VREF output. 


window, 
active high. 
19 
LSBpWM 
PWM D/A least significant 
9 
7 
TPAGC 
Output 
test point for 
bit input. 


AGe. 
20 
16 
REFAGC AGC voltage reference. 


10 
8 
HAGC 
AGC hold input, AGC 
active when 
high; AGC 


constant when 
low. 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Note 1) 


Power Supply Voltage, vee ......•........................ 
8V 
Input Voltage 
-O.3Vto +8V 


Storage Temperature 
--65°Cto +150°C 
PackageDissipation at TA = 25°C (Board Mount) 


20-Pin PCC 
875mW 


20-Pin SSOP 
750mW 


16-Pin SOIC ...................•...•............... 
750mW 


PackageLead Temperature 
Soldering (10 see) 
260°C 
Vapor Phase(60 see) ..........................•..... 
215°C 
Infrared (15see) ........•............................ 
220°C 


Temperature Range 
0 to +70°C 
Supply Voltage Ned 
5V ± 5% 


(IIN.) - (IINJ 
..............•.....................•...... 
1Vp_p 
CAGe .........................•.................•...... 
100pF 


REFAGe .......................•......................... 
2.5V 
CPWM 
........................•...•...•......•.......... 
.011lF 
CH at DEMOD OUT ......................•............ 
100pF 
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ELEORICAL 
CHARAOERISTICS 


The following 
specifications apply over the recommended 
operating conditions 
of TA = 0 to +70°C, Vcc = 4.7S to 
S.2SV. and external component 
values as recommended 
above, unless otherwise specified. 


PARAMETER 


DEMODUlATOR 


Differential 
Input 
Range 
3 
For Full Scale Output 
.25 
2 
Vp_p 


Differential 
AGC Range 
3 
0.8 
1.5 
VIV 


Differential 
Input 
Resistance 
4 
kO 


Differential 
Input 
Capacitance 
5 
pF 


Common 
Mode 
Input 
Resistance 
, 
2 
kO 


Power 
Supply 
RR 
40 
dB 


Differential 
Nonlinearity 
5,3 
25% to 75% of Full Scale 
.2 
2 
% 


5,4 
Zero 
to Full Scale 
2 
5 
% 


DEMOD 
OUT 
Offset 
Current 
V1N = ±500mV 
20 
IJA 


Maximum 
DEMOD 
OUT 
Charge 
Current 
3 
GATE = High 
500 
IJA 


DEMOD 
OUT 
Leakage Current 
3 
GATE = Low 
+5 
JJA 


DEMOD 
OUT 
Reset Voltage 
(ML4532/33) 
1.15 
1.2S 
1.35 
V 
(ML4536) 
0.9 
1.0 
1.1 
V 


DEMOD 
OUT 
Reset Current 
Discharge, 
RESET= High 
2.0 
mA 


AGC Dynamic 
Range 
3 
2.5 
VIV 


AGC Output 
Swing 
3 
, 
1 
V 


CAGe Charging 
Current 
3 
150 
250 
IJA 


CAGC Discharging 
Current 
3 
150 
250 
IJA 


CAGc Leakage Current 
3 
5 
IJA • 


1.25VREF Output 
Voltage 
(ML4532/33) 
3 
TA = 25°C 
. 
1.20 
1.25 
1.30 
V 


3.75VREF Output 
Voltage 
(ML4532/33) 
3 
TA = 25°C 
3.60 
3.75 
3.90 
V 


2.50VREF Output 
Voltage 
(ML4532/33) 
3 
TA = 25°C 
2.40 
2.50 
2.60 
V 


1.0VREF Output 
Voltage 
(ML4536) 
3 
TA = 25°C 
0.95 
1.0 
1.05 
V 


304VREF Output 
Voltage 
(ML4536) 
3 
TA = 25°C 
3.2 
304 
3.6 
V 


2.2VREF Output 
Voltage 
(ML4536) 
3 
TA = 25°C 
2.05 
2.2 
2.35 
V 


Load Regulation 
3 
OmA :s lOUT :s SmA 
-5 
+5 
mV/mA 


Line Regulation 
-30 
+30 
mVIV 


Logical 
"0" 
Input 
Voltage 
3 
.8 
V 


Logical 
"1" 
Input 
Voltage 
3 
2.0 
V 


Logical 
"0" 
Input 
Current 
3 
V'N = Oo4V 
-1.5 
mA 


Logical 
"1" 
Input 
Current 
3 
V," 
= 2.5V 
+100 
IJA 


Logical 
"0" 
Output 
Voltage 
3 
ZERO X, 10, IT = 1mA 
.5 
V 


Logical 'T' Output 
Voltage 
3 
IrulT 
= -lmA 
3.0 
V 


Supply 
Current 
ML4532 
3 
PON = Low 
45 
mA 
3 
PON = High 
11 
15 
mA 
ML4533/ML4536 
3 
PON = Low 
38 
mA 
3 
P"" 
= High 
5 
12 
mA 


Monotonicity 
4 
9 
10 
Bits 


LSB to MSB Ratio 
3 
16.0 
16.5 
18.0 
VIV 
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ElEORICAl 
CHARAOERISTICS 
(Continued) 
The 
following 
specifications 
apply 
over 
the 
recommended 
operating 
conditions 
of TA = 0 to 
+70°C, 
Vcc 
= 4.75 
to 
5.25\1, and 
external 
component 
values 
as recommended 
above, 
unless 
otherwise 
specified. 


PARAMETER 


D/A CONVERTER (Ml4532 
Only) 


Output 
Voltage 
Swing 
3 
RL = 5K 
, 
1.25 
3.75 
V 


Logical 
"0" 
Input 
Voltage 
3 
.8 
V 


Logical 
"1" 
Input 
Voltage 
3 
2.0 
V 


Logical 
"0" 
Input 
Current 
3 
V1L = .4V 
-1 
mA 


Logical "1" 
Input 
Current 
3 
V'H ~ 2.5V 
300 
pA 


flY Burst Input 
Frequency 
4 
1 
10 
MHz 


tGs, Gate Edge Setup Prior to 
4,6 


J 


30 
ns 
Burst I Zero 
Crossing 


tRESET,Reset Pulse Width 
4,6 
CH :s 200pF 
300 
ns 


tBZX, Burst Zero 
Crossing 
to 
4,6 
CL = 50pF 
25 
ns 
ZERO X Output 


tpc;, Power 
Down 
I to Gate 1 
4,5 
200 
400 
ns 


Absolute Maximum Ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified 
are 
measured 
with 
respect 
to ground. 
Typicals 
are 
parametric 
norm 
at 25°C. 


Parameter guaranteed and 100% production 
tested. 
Parameter 
guaranteed. 
Parameters 
not 100% tested 
are not 
in outgoing 
quality 
level 
calculation. 
Linearity measured as a percentage of the midpoint 
between 25% to 75% of full scale. 


Timing measured at l.4V 


Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
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Figure 3. DEMOD Output Current vs. Input 
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Figure 4. linearity vs. Input 
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The ML4532, ML4533 and ML4536 are composed of an 
AGC amplifier, an area detector, and a band-gap 
reference with three buffered outputs. In addition the 
ML4532 (see Figure 5) includes a pulse width 
modulation 
D/A. The ML4536 is essentially the ML4533 


with a different set of reference voltages. 


1.1 
INPUT AMPLIFIERAND AUTOMATIC GAIN CONTROl 


The inputs of the ML4532, ML4533 and ML4536 are 
intended for use at the output of the read channel 
filter, accepting a 0.25Vp_p to 2Vp_p signal range. The 
input amplifier and AGC circuit of these area detectors 
operate in a differential signal mode to provide good 
common 
mode and power supply rejection. The 


purpose of the AGC loop is to maintain a constant area 
detect value that correlates to the zero scale 
(1.25VREF/1.0VREFl 
and full scale (3.75VREF/3.4VREFl 
output 


values based upon the minimum 
and maximum burst 


value. The sensing for the AGC is at the output of the 
area detector, allowing signal ranging based on the area 
of burst rather than the signal level of the burst. The 
AGC is intended to be updated at every sector of servo 
position bursts such that the signal variances due to 
platter radius and differences in read channel data 
frequencies can be corrected. The initial gain of the 
AGC circuit is established by the voltage applied to the 
REFAGCinput. 


In this closed-loop system, the area detected output 
voltage is fed back and compared with the REFAGC 
voltage in the GM amplifier with a GM of 1/4000 ohms, 
to provide a gain control current, charging and 
discharging CAGC. 


The AGC value is held constant by the hold function 
and is controlled 
by HAGCpin. When HAGCis at a logic 


high the level of gain can change up or down and is 
held at a constant gain with a logic low input. 


A capacitor from ground to the CAGCpin holds the 
gain setting when HAGCis at a logic low level and the 
area detector output does not affect the gain setting in 
this mode. See figure 1 for the AGC burst timing. 


1.2 
AREA DETECTOR 


The area detector provides a measurement of servo 
burst area during a time window 
beginning at the first 


falling zero crossing edge after the GATEinput is placed 
in a logic high state and ends at the first falling zero 
crossing edge after the GATE input is placed in a logic 
low state. The Zero crossing output enables the user to 
time the gate pulse by counting zero crossings. The 
analog input should be without 
open baseline by either 


keeping burst pulse spacing sufficiently close to avoid it 
or band limiting the signal. In most cases, both are 
necessary. 


a. May clock anywhere and give multiple transitions, 


not acceptable. 


c. Band limiting. 


The value of the area measurement is held on the 
output hold capacitor (CH) until the RESETline is 
asserted. The RESETpin when placed in a logic high 
state for at least 300ns resets the area detector output 
to 1.25V which is the zero scale reference point and 
equals the voltage value on the 1.25VREFpin. See 
Figure 2 for position area burst detection timing. 


ZERO X Detector 
Output 


The output of the zero crossing detector (comparator) 
is provided for system synchronization. 
This signal is 


internally generated in ECL,but an internal ECL to TIL 
converter is provided to simplify external interfacing to 
this signal. 


1.3 
BANDGAP REFERENCE 


A 2.5V bandgap reference is included on the ML4532 
and ML4533 and a 2.2V 
one in the ML4536, to set up 


internal biasing and establish the on-track reference 
level. This is also a buffered output. Full-scale (VREF+) 
and zero scale (VREFJoutputs are derived and buffered 
from the bandgap to simplify the interface to AID 
converters, such as the ML2261 or ML2264. The 1.25VREF 
pin is tied directly to the VREF-pin of the AID 
converter and with a 5100 resistor to ground. The 
3.75VREFpin is tied directly to the VREF+pin of the high 
speed AID converter. The ML4536 offers a 1.0VREFand 
3.4VREFfor interface with the AID converter on the 
Zilog type microcontroller 
devices. 
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1.4 
PWM D/A OF THE Ml4532 


A D/A is included 
on the ML4532 for driving the VCM 


driver to position the head or for any other desired 
system error compensation, such as processor- 
.. 
controlled 
AGC set point during head change. This ISa 


PWM D/A and requires a pulse width 
modulation 
logic 
signal from the microcontroller 
signal to be applied to 
the MSBpWMand LSBpWMpins. The buffered and 
filtered output 
appears at the (D/A OUT) pin. This 
. 


output voltage swing is centered around the 2.5VREFpin 
(2.5V).The end-points 
of the D/A output are defined by: 


PWM DM: Output Description: 


Duty Cycle at 
Voltage 


Range Point 
MSBpWM 
lSBpWM 
Output 


"Negative" 
Full-Scale: 
0% 
0% 
1.094V 


0% 
100% 
1250V 
100% 
0% 
3.594V 


"Positive" Full Scale: 
100% 
100% 
3.750V 


2K 


2.3V 


2K 


ZERO 
CROSSING 
DETECTOR 


D/A CONVEIffiR 


PULSE 
WIDTH 
MODUlATION 
lOGIC 
POND- 


Ml4532, Ml4533, Ml4536 


The D/A is designed for 8-bit binary coding with the 
MSB weighted 
16 times the LSB.The MSBpWMa~d 


LSBpWMinputs are negative true in that If these Inputs 
are in a low state for 100% of the time the D/A output 
will be 1.094 volts and if are held in a high state for 
100% of the time the output will be at 3.75 volts. The 
D/A output voltage is 125 volts if the MSBpWM input 
pulse width has a 1/16 or 6.25% positive ~uty cycle and 
the LSBpWMis in a constant low state or If th.e MSBpWM 
input is held in a low state and the LSBpWMInput I~ 
held in a high state. The output voltage range that IS 
controlled 
by the MSBpWMinput is 2.5 volts and the 


LSBpWMinput controls 156mY.The time constant for 
the PWM smoothing filter is approximately 
3ill 
x 
CPWM'The external capacitor (CPWM)should be made 
sufficiently large to smooth out the PWM ripple. 


"D" TYPE 
FLIP 
FLOP 


D 
Q 
c 
C 
~ 


FUllWAVE 
RECTIFIER 


AND 
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ML4532 
GATE! 
_ ••i -----~, 
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~ 
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ORDERING 
INFORMATION 


PART NUMBER 
TEMP. RANGE 
PACKAGE 


ML4532CQ 
DOCto +7DoC 
MOLDED 
PCC (Q2D) 
. 
ML4532CR 
DOC to +7DoC 
MOLDED 550P (R2D) 


ML4533C5 
DOC to +7DoC 
MOLDED 
50IC 
(516) 


ML4536C5 
DOC to +7DoC 
MOLDED 50IC 
(516) 
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Area Detector Based 


Embedded Servo Demodulator 


The ML4534 
Embedded Servo Demodulator 
IC is 
designed for use in the hybrid data surface channel of an 
high-performance 
disk drive. Hybrid data are interleaved 
on the data surface with data records and encoded in NB 
differential 
burst format, with a AGC field preceding the 
burst information. 
The AGC field is used by the read 


channel to set AGC gain levels in the burst area, which 
once established are held fixed for the duration 
of the 


servo burst. The demodulator 
measures burst amplitude 
using an area detection 
scheme, for improved 
noise 
immunity 
and provides both (A-B) and (A+B), to permit 
position error normalization 
with on-chip 
synchronization 


and reset functions. 
Using the SELand CARR inputs the 


on-chip 
multiplexer 
allows selection of either (A-B) or 


(A+B) as the output. The multiplexer 
and area detection 


capacitors operate in concert to provide a hold capability 
for both the (A-B) and (A+B) outputs. Also included 
is an 
uncommitted 
operational 
amplifier 
which could be used 
for voice-coil 
motor current sensing. 


• 
Allows for Area Detection 
of back-to-back 
bursts 


• 
2% nonlinearity 
over input signal range 


• 
Reset forces voltage on the Area Detecting capacitors 
CADD to VREF& CADSto VREF12 


• 
Separate Reset provided for Resync Flip-Flop 


• 
Muxed/Selectable 
(A-B) & (A+B) demodulator 
output 


• 
General purpose operational 
amplifier, 
applicable 
for 


use in voice coil motor current sensing 


• 
5V supply, 20-pin, Headed, 
PLCC package 


VAGC 
1 


VAGCTP 
2 
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0 


- 
DETECTOR 


G 
(DIFF) 
C 


R 
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19 
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20 
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G 
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R 
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• 


.~Micro Linear 


Ml4534 


PIN CONNECTION 
§ 
u 
<.:>« 
'" 
> 


1 
20 


HYBOUT 
GND2 


VREF 
OPINP 
ML4534 
CHDIFF 
20·Pin pee 
OPINN 


vcc 
OPOUT 


CHSUM 
GATE 


5 
~ '" 


)( 
~ '" 
0 
z 
~ « 
ffi 
<.:> 
u 
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PIN DESCRIPTION 


PIN 
PIN 


NO. 
NAME 
FUNCTION 
NO. 
NAME 
FUNCTION 


VAGC 
Gain Control input on the VGA 
12 
(Cont.) 
area detector integrates the B burst in 


2 
VAGCTP 
Test point connected through an 
a direction 
opposite to that in which 
the A burst is integrated, thus realizing 
isolation resistor to the output of the 
the (A-B) differencing 
operation. 
VGA 
Carrier polarity 
in the (A+B) Area 
3 
RESET 
Asserting this input pin resets the area 
Detector is not affected by the state of 


detector (DIFF) to VREF(+2.5V) and 
the CARR pin. CARR pin in 


the area detector (SUM) to VREF/2 
conjunction 
with the SELpin, selects 


4 
HYBOUT 
Output of the multiplexing 
amplifier, 
the multiplexer 
output. 


with VREF,(A-B) or (A+B) area detector 
13 
ZEROX 
This is the output of the Carrier 


output, depending on the state of the 
Comparator. 
+ZEROX is a nominally 


SEL& CARR pins. 
square wave having transitions 


5 
VREF 
+2.5V reference voltage input. 
coinciding 
with zero crossings of the 


output VGA. 
8 
CHSUM 
The (A+B) area detector integrating 
14 
GATE 
Asserting this line enables the (A+B) 
capacitor 
is connected 
between this 
and (A-B) area detectors to measure 
pin and the ground. 
area of the output signal of the VGA. 


7 
VCC 
+5 Volt supply 
This signal is re-synchronized 
to the 


6 
CHDIFF 
The (A-B) area detector integrating 
area detector carrier internally 
before 


capacitor 
is connected 
between this 


application 
to the area detectors. 


pin and the ground. 
15 
OPOUT 
Optional 
operational 
amplifier 
(short 


9 
GND 
Ground 


circuit 
protected) output. 


Active high signal resets the resynch 
16 
OPINN 
Optional 
operational 
amplifier 
10 
RESETFF 
inverting 
input. 


flip-flop 
17 
OPINP 
Optional 
operational 
amplifier 
non- 
11 
SEL 
This pin in conjunction 
with the CARR 
inverting 
input. 


pin, governs the multiplexer 
channel 


selection as follows: 
18 
GND 
Ground 
SEL CARR Mux Channel 
19 
VGAINP 
VGA non-inverting 
input. Inputs 
0 
X 
VREF 
should be AC coupled 
1 
0 
(A-B) 


1 
1 
(A+B) 
20 
VGAINN 
VGA inverting 
input. Inputs should be 


12 
CARR 
Asserting this pin high inverts the 
AC coupled 


carrier input of the (A-B) area detector. 
NOTE: 
The value of the CHSUM capacitor should be 


CARR should be asserted throughout 
roughly twice that of the CHDIFF capacitor. 
It is also 


the B burst of the NB burst pair. While 
advisable to include a small resistor in series with the 


the CARR pin is asserted, the (A-B) 
capacitor 
on the CHSUM pin and also the CHDIFF pin, to 


improve settling time . 
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DC Supply 
Voltage 
(VccJ 
-0.3 
to + 7 VDC 
Storage 
Temperature 
(TSTC) 
-65 
to + 150°C 
Package 
Dissipation 


TA = 25°C 
(Board 
Mount) 
875mW 


Package 
Lead Temperature: 
Soldering 
(10 sec) 
260°C 
Vapor 
Phase 
(60 sec) 
215°C 


Infrared 
(15 sec) 
no°c 


RECOMMENDED 
OPERATING 
CONDITIONS 


DC Supply 
Voltage 
Range 
(VccJ 
5 ± 5% 
VDC 


Temperature 
Range 
O to +70°C 


Operating 
Junction 
Temperature 
(TJ) 
••......... 
+25 
to + 125°C 


ELECTRICAL CHARCTERISTICS 


The 
following 
specifications 
apply 
oyer 
the 
recommended 
operating 
conditions 
of TA = 0 to +70°C, 
Vcc = 4.75 
to 5.25V, 


and 
external 
component 
yalues 
as recommended, 
unless 
otherwise 
stated. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Ice 
VAGC 
= 4.0V, VREF= 2.5V 
20 
40 
60 
mA 


IYREF 
VREf = 2.5 V 
-50 
25 
200 
JlA 


GATE, CARR, SEL, 
For all signals in test program 
VIH 
2.0 
V 


RESET, RESETFF 
VIL 
0.8 
V 


GATE, CARR, SEL, 
For VIH = 2.4V 
IIH 
-250 
-10 
JlA 


RESET, RESETFF 
and VIL = 0.8V 
IlL 
-400 
40 
lIA 


VGAINPDC 
(VINP) 
VGAINP, 
VGAINN 
open 
2.3 
2.5 
2.7 
V 


VGAINNDC 
(VINN) 
VGAINP, 
VGAINN 
open 
2.3 
2.5 
2.7 
V 


VOH ZEROX 
VGAINP 
= 3.5, IOH = -O.4mA 
VGAINN 
= 1.5V 
2.7 
5.0 
V 


VOL ZEROX 
VGAINN 
= 3.5, IOL = 2.0mA 
VGAINP 
= 1.5V 
0 
0.5 
V 
III 


ISlASOffset 
OPINN 
= OPINP = 1.0V 
-200 
200 
nA 


Vos - MCS 
Ay = 2.0, VIN = 0 
-15 
+15 
mV 


VOH - MCS 
Ay = 2.0, VIN =-1 .0, ISRC= -1 .5mA 
3.8 
5.0 
V 


VOL - MCS 
Ay = 2.0, VIN =1.0, 
ISINK= 1.5mA 
0 
1.0 
V 


ISINK- MCS 
Openloop, 
OPINP 
= O.OV 
OPINN = 1.0, OPOUT 
= Vcc 
1.5 
10 
mV 


ISlAS- MCS 
OPINN 
= 1.0, OPINP 
= 1.0 


(IOPINN 
+ IOPINP)/2 
-2.0 
0.0 
JlA 


Amplifier 
Settling Time (tSMCS) 
ROUT = 6040, 
COUT = 36pF 
0.4 
1.0 
liS 


Amplifier 
Bandwidth 
4 
8 
MHz 


Amplifier 
Gain (Ay) 
Open 
Loop 
58 
63 
dB 


Ay- 
VGAMIN 
Minimum 
Gain of AGC with 


400mV 
input 
0 
1.1 
V!V 


Ay- 
VGAMAX 
Maximum 
Gain of AGC with 
100mV 
input 
6.6 
20 
V!V 


VAGCBIAS 
VAGC=1.0 
0 
200 
lIA 
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PARAMETER 


RESETCIRCUITRY 


TYP~ 
MAX 


IRESET SUM, 
DIFF 
RESET= V1H 
80 
400 
fJA 


IOFF SUM, 
DIFF 
RESET= V1L 
-10 
10 
nA 


VCH SUM RESET= V1H 
1.24S 
1.260 
1.275 
V 


VCH 
DIFF RESET= VIH 
2.490 
2.5 
2.510 
V 


I SUM, DIFF UNBAL 
GATE = V1H, CLOCK, 
1V swing VAGC 


1X, Measure Current 
with 
VGAINP 
= 


VINP + 0.2 and VGAINN 
= 


VINN 
- 0.2, then do VGAINP 
= 


VINP - 0.2 and VGAINN 
= 


VINN 
+ 0.2, Subtract 
-40 
40 
fJA 


I DIFF UNBALXOR 
CARR = V1H 
-40 
+40 
fJA 


I PEAK SUM 
VGAINP 
= VINP + 1.0 


VAGC=1.0 
-540 
-400 
-265 
fJA 


I PEAK DIFF P 
VGAINP 
= VINP + 1.0 
VGAINN 
= VINN 
- 1.0 
VAGC 
= 1.0, CARR = V1L 
-540 
-400 
-265 
fJA 


I PEAK DIFF ON 
VGAINP 
= VINP + 1.0 


VGAINN 
= VINN 
- 1.0 
VAGC 
= 1.0, CARR = V1H 
265 
400 
540 
fJA 


VOHSUM 
VGAINP 
= VINP + 1.0 


VGAINN 
= VINN 
- 1.0 
3.9 
5.0 
V 


VOH 
DIFF 
VGAINP 
= VINP + 1.0 
VGAINN 
= VINN 
- 1.0 
CARR = V1L 
3.9 
5.0 
V 


VOL DIFF 
VGAINP 
= VINP + 1.0 
VGAINN 
= VINN 
- 1.0 
CARR = V1H 
0.0 
1.0 
V 


IGATE 
GATE = VIH, CLOCK, 
VAGC 
lX, 
VSWING = 1.0 
-10 
10 
nA 


IRESETFF 
RESETFF= VIH 
-10 
10 
nA 


$~Micro Linear 


ELECTRICAL CHARCTERISTICS 
(Continued) 


PARAMETER 
I 
C_O_N_D_IT_IO_N_S 
~_M_I_N_~_T_YP 
M_A_X 
U_N_I_T_ 


MUX 
AMPLIFIER 


VHYBOUT 
CARR = V1L,SEL = V1L 
2.4 
2.6 
V 


VOS MUX 
SUM 
CARR = SEL = V1H, 
CHSUM = 2.5 
. 
-8 
8 
mV 


VOS MUX 
DIFF 
CARR = V1L,SEL = VIH, 
CHDIFF = 2.5 
. -8 
8 
mV 


IBIASSUM 
CARR = SEL = V1H, 
CHSUM = 2.5 
0 
300 
nA 


IBIASDIFF 
CARR = VIL, SEL = V1H, 
CHSUM = 2.5 
0 
300 
nA 


VOHMUX 
CARR = SEL = V1H 
CHSUM = 3.95, IsRC= 1.5mA 
3.8 
5.0 
V 


VOLMUX 
CARR = V1L,SEL= V1H 
CHDIFF = 0.95, 
ISINK= 1.5mA 
0 
1.0 
V 


ISINKMUX 
CARR = V1L,CHDIFF = 0.95 
SEL = V1H, VHYBOUT 
= Vcc 
1.5 
10 
mA 


Amplifier 
settling time (tSMUX) 
ROUT = 6040, 
COUT = 36pF 
0.4 
1 
lls 


ILEAKAGE 
10 
nA 


Linearity 
o to 1 VINPUT, with 
VAGC 
such 


. 
that Av VAGC = 1.0 
-5 
5 
%F.S 
, 
• 
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The ML4s34, 
+SV Embedded Servo Demodulator 
IC is 
designed for use in the hybrid data surface channel of an 
high-performance 
disk drive. Hybrid data are interleaved 


on the data surface with data records and encoded in NB 
differential 
burst format, with an AGC field preceding the 
burst information. 
The AGC field is used by the read 
channel to set AGC gain levels in the burst area, which 
once established are held fixed for the duration 
of the 
servo burst. The demodulator 
measures burst amplitude 
using an area detection 
scheme, for improved 
noise 
immunity 
and provides both (A-B) and (A+B), to permit 


position error normalization. 
Using the SELand CARR 


inputs, the on-chip 
multiplexer 
allows selection of either 


(A-B) or (A+B) on the output. The multiplexer 
and area 
detection 
capacitors operate in concert to provide a hold 
capability 
for both the (A-B) and (A+B) outputs. The area 
detectors are designed to minimize 
the pipeline 
transport 
delay while accurately quantizing 
the area of servo bursts 
in high speed hybrid servo systems. The major functional 
blocks of the ML4s34 
are briefly discussed below. 


VARIABLE GAIN AMPLIFIER 


Hybrid servo burst data from the disk read channel are 
capacitively 
coupled 
into the VGA through the differential 


input pins (VGAINP, VGAINN). 
VGA gain is controlled 
by 
the voltage on the VAGC pin, and the gain is varied in 
order to secure constant area of the output signal and 
counteract 
the amplitude 
regulating operation 
of the read 
channel AGC loop. 


The VGABUF comparator 
detects zero crossings of the 
composite 
signal delivered 
by the VGA. The output of this 
comparator 
controls the synchronous 
rectification 
of the 
composite 
VGA output, 
in the area detectors. 


The comparator 
output is provided at a TIL level on the 
ZEROX pin. Control 
logic in the servo channel employs 
the ZEROX signal to produce an area detector enabling 
gate, which 
spans a fixed number of cycles of the 
composite 
signal. 


AREA DETECTORS (SUM AND DIFF) 


The area detectors detect A and B burst levels by area 
detection. 
Two area detectors are provided - 
one to 
measure the sum of A and B bursts (A+B), and a second 
one to measure the difference (A-B). Each area detector is 


implemented 
as a gated current - 
output synchronous 


rectifier driving an external charge accufTlulating 
integrating capacitor. Area detection 
occurs only while the 
area detector is enabled under control of the GATE pin. 
When the detector is disabled, the integrating capacitor 
is 
effectively 
floated. An on-chip 
binary (FF) re-synchronizes 


the gating sign<ll to remove any phase shifts due to logic 
delays in the external gate control 
logic. Initial conditions 
on the integrating capacitors are established prior to an 
area detecting operation 
by a reset circuit controlled 
by 


the RESETpin. A reset operation 
forces the voltage on the 
area detecting capacitors to equal the 2.5 volts applied on 
the VREFpin. Determination 
of the burst difference 
(A-B) 


is accomplished 
under control of the CARR pin, by 
inverting the phase of the carrier input to the second area 
detector, while the burst B is being detected. The inversion 
is performed by an XOR gate. Accordingly 
(A-B) is bipolar 


relative to VREF,while 
(A+B) is unipolar. 


MULTIPLEXER AMPLIFIER 


The multiplexer 
amplifier 
drives the HYBOUT 
pin and 
allows sequential interrogation 
of the (A-B) and (A+B) 


measurements, the results of which are stored on the 
external integrating capacitors. The amplifier 
is 


implemented 
as two independently 
selectable input 
stages, driving a common 
output structure, to form a 
voltage follower. 
To minimize 
the droop of the (A-B) and 


the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the HYBOUT 
pin. The SELand CARR pins 
govern multiplexer 
channel selection through a decoding 


network. 


Figure 1 shows a typical 
hybrid servo system application 
diagram for the ML4s34 
and also illustrates waveforms 
characteristic 
of a hybrid demodulator 
in a typical 
application. 


OPERATIONAL AMPLIFIER 
USED FOR MOTOR CURRENT SENSE 


This general purpose operational 
amplifier 
is intended for 


use as a differential 
to single-ended 
convertor 
and level 


shift stage. It performs voice coil motor current sensing by 
monitoring 
the voltage developed 
differentially 
across 
current sense resistors, on the ground side of the voice 
coil power driver bridge. 
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Area Detection 
Based Hybrid Servo Demodulator 


GENERAL 
DESCRIPTION 
FEATURES 


The ML4535 
is a bipolar monolithic 
hybrid servo circuit 
that provides area measurement demodulation 
of both the 
continuous 
servo surface (dedicated 
servo) and the 
sectored servo data (embedded 
servo) information 
in a 


high performance 
"hybrid 
servo" based disk drive. It 


operates on a single +5V supply and is intended to 
interface to a moderate speed, successive approximation 
ADC, with multiplexed 
inputs and sample and holds, like 
the ML2377 family. 


The area detectors are designed to minimize 
the pipeline 
transport delay while accurately quantizing 
the area of 
servo bursts in high speed servo systems. The data surface 
(embedded) servo demodulator 
section of the ML4535 


consists of Sum and Difference area detectors along with 
an AGC control 
loop, so that the amplitude 
control 


function 
is self contained 
on the chip. The continuous 
(dedicated) servo demodulator 
section of the ML4535 
consists of a variable gain amplifier, 
variable frequency 
oscillator 
and four synchronous 
detectors. 


The ML4535 
provides a high level of integration 
for 


designing the complex 
Hybrid 
Servo systems becoming 
popular 
in disk drives requiring 
very high bit and track 


densities. 


• 
Allows for area detection 
of back-to-back 
bursts 


• 
2% non-linearity 
over the input signal range 


• 
Single +5 volt operation 


• 
Internal 2.5V bandgap reference with reference output 


• 
Seperate AGC control 
loop for data surface and servo 
surface demodulator 
sections. 


• 
Data surface amplitude 
control self contained 
on chip 


• 
Data surface demodulator 
has muxed/selectable 
(A-B) 


and (A+B) outputs. 


• 
Four synchronous 
area detectors onboard for 


implementing 
the continuous 
servo demodulator. 


• 
Available 
in 32-pin PLCC package 


• 
Future availability 
in 32-pin TQFP package. 


CLK3 
SELDET 
AREA DETECTOR 
1 
DSDIFF1 
(A, B) 
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AREA DETECTOR 
2 
DSDIFF2 
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DSSUM 


DCRCAP 
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AREA DETECTOR 
3 


CLK2 


RT 
CT 
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VCOOUT 


VCOIN 
AREA DETECTOR 
4 
VAGCTP 


AGCEN 
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VAGCCAP 
RDDIFF 
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AREA DETECTOR 
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+ 
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MUXOUT 


RESET 
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DIFF 
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Ml4535 


PIN CONNECTION 


ML4535 
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Ml4535 


PIN DESCRIPTION 


PIN# 
NAME 
FUNCTION 
PIN# 
NAME 
FUNCTION 


29 
DCRCAP 
DC Restore capacitor 
input 
'13 
MUXSEL 
This pin in conjunction 
with the 


30 
DSINP 
Differential 
input to AGC from 
MUXEN pin governs the multiplexer 
channel selection as follows: 
31 
DSINN 
Continuous 
(dedicated) servo 
MUXSEL MUXEN 
MUX CHANNEL 
surface. Inputs must be AC coupled 


0 
X 
VREF 


8 
SELDET 
Select signal for synchronous 
1 
0 
Difference 
(A-B) 


detectors 1 or 2 
1 
1 
Sum (A+B) 


2 
CLK3 
Clock for Area Detectors 1 &2 
14 
MUXEN 
Asserting this pin inverts the carrier 


7 
CLK1 
Clock for Area Detector 3 
input of the Difference 
(A-B) area 
detector. MUXEN should be 


CLK2 
Clock for Area Detector 4 
asserted throughout 
the B burst of 


4 
RT 
Pins to connect a resistor/capacitor 
the NB burst pair. While this pin is 
asserted, the Difference 
(A-B) area 
5 
CT 
network for setting the center 
detector integrates the B burst in a 
frequency of the internal VCO; R 
direction 
opposite to that in which 
from RT to CT, C from CT to VCC 
A is integrated, thus realizing 
the 


6 
VCOOUT 
VCO clock output 
(A-B) operation. 
Carrier polarity 
in 


3 
VCOIN 
Pin for connecting 
the loop filter for 
the (A+B) area detector is not 
affected by the state of the MUXEN 
the PLL 
pin. This pin along with the 
32 
SYNC 
Servo frame sync signal output 
MUXSEL pin, also selects the 


28 
DSSUM 
Pin for connecting 
the filter for the 


multiplexer 
output. 


AGC loop 
12 
ZEROX 
This is the output of the carrier 


27 
DSDIFF2 
Area Detector #2 (C,D) or the Q 
comparator, 
nominally 
a square 


wave having transitions coinciding 
output 
with zero crossings of the VGA 


23 
VREF 
2.5V Bandgap reference output 
output. 


26 
DSDIFF1 
Area Detector #1 (A,B) or the N 
11 
GATE 
Asserting this pin defines the (A+B) 


output 
and (A-B) area detect windows, 
to 


measure the area under the curve of 
19 
VAGCTP 
Test point connected 
through an 
the VGA output. This signal is 


isolation resistor to the output of the 
resynchronized 
to the area detector 
VGA 
carrier internally 
before application 


16 
VAGCCAP 
AGC Loop Filter/Hold 
Capacitor 
to the area detectors. 


20 
AGCEN 
AGC enable pin, defines area detect 
25 
MUXOUT 
Output of the multiplexer 
with (A-B) 


window 
or (A+B) output 


15 
VAGCREF 
AGC voltage reference 
21 
RDSUM 
The (A+B) area detector integrating 
capacitor 
is connected 
here. 
18 
RDINP 
Differential 
input to VGA from Data 
17 
RDINN 
surface (embedded servo). 
Inputs 
22 
RDDIFF 
The (A-B) area detector integrating 


must be AC coupled. 
capacitor 
is connected 
here. 


10 
RESET 
Asserting this input pin resets the 
24 
GND 
Ground pin 


Area Detector (DIFF) to VREF 
9 
VCC 
+ 5V supply 
(+2.5V) and the Area Detector 
(SUM) to VREF/2 


.~Micro Linear 


DC Supply Voltage (VCC) 
-0.3 to +7 VDC 


Package Dimension, 
TA = 25°C 


(board mount) 
TSD mW 


Package Lead Temperature 
Soldering (10 see) 
260°C 


Vapor Phase (60 see) 
215°C 
Infared (15 see) 
no°c 
Storage Temperature (tstg) 
-65 to + 150°C 


DC Supply Voltage (VCC) 
5+/-10% 
VDC 


Temperature Range 
0 to +70°C 


Operating Junction Temperature (Tj) 
+25 to + 125°C 


PARAMETER 


DC CHARACTERISTICS 


____ 
C_O_N_D_IT_I_O_N_S 
M_IN 
TY_P_. 
M_A_X_I 
UNITS 


ICC Supply Current 
VAGCCAP 
= 4.0V 
60 
80 
110 
mA 


Bandgap 
Reference voltage, 
VREF 
2.45 
2.5 
2.55 
V 


VIH 
ForCLK1,CLK2,CLK3 
SELDET, GATE, MUXEN, 
MUXSEL, AGCEN 
2.0 
V 


VIL 
ForCLK1,CLK2,CLK3 
SELDET, GATE, MUXEN, 
MUXSEL, AGCEN 
0.8 
V 


IIH 
ForCLK1,CLK2,CLK3 
SELDET, GATE, MUXEN, 
MUXSEL, AGCEN 
-40 
+40 
fJA 


ilL 
For CLK1, CLK2, CLK3 
SELDET, GATE, MUXEN, 
MUXSEL, AGCEN 
-400 
10 
fJA III 


DSINPDC, 
DSINNDC 
open 
2.4 
2.6 
V 


AvAGC 
min 
DSSUM = 4.0V, 
Voltage 
gain from input to test point 
Measure 
DSDIFFl 
0.4 
VjV 


, 
DSINP - DSINN 
= 0.5V 


AvAGC 
max 
DSSUM = 1.0V 
DSINP - DSINN 
= 10 mV 
75 
VjV 


DCRHIGH 
DSSUM = 1.0V 
(DCR CAP VOLTAGE) 
DSINP - DSINN 
= 7mV 
3.0 
3.3 
V 


DCRLOW 
DSSUM = 1.0V 


(DCR CAP VOLTAGE) 
DSINN 
- DSINP = 7 mV 
2.3 
2.5 
2.7 
V 


DSDIFF Hll 
SELDET = VIH 
3.2 
V 


DSDIFF LO 2 
DSINP - DSINN = 0.1 
DSSUM = lV, 
CLK3=VIH 
1.1 
V 


DSDIFF LO 1 
CLK3 = VIL 
1.1 
V 


DSDIFF HI 2 
3.2 
V 
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DSDIFF HI R1 
DSINN 
- DSINP = 0.1 
3.2 
V 


DSDIFF LO R2 
CLK3 = VIL 
1.1 
V 


DSDIFF LO R1 
DSINN 
- DSINP = 0.1 
1.1 
V 


DSDIFF HI R2 
CLK3 = VIH 
3.2 
V 


DSDIFF UNSEL 1,2 
.. 
DSINP - DSINN 
= 1.0V 
1.8 
2.6 
V 
. 


DSDIFF OFF 
DSINP - DSINN 
= OV 
1.8 
2.6 
V 


SYNC LO 
CLK1 = VIH, 
ilL = 1.6 mA 
DSSUM = 1.0V 
0.25 
0.5 
V 


DSINN 
- DSINP = 0.1 


SYNC HI 
CLK1 = VIH, 
IIH= -0.4 mA 
2.4 
V 


DSSUM = 1.0V 
DSINN 
- DSINP = 0.1 


I DSSUM 
LO 
DSINN 
- DSINP = OV 
60 
68 
200 
fJA 


I DSSUM 
HI 
CLK1 = VIH, 
DSSUM= 
1 V 
DSINP - DSINN 
= 0.1 
-10 
-30 
-100 
fJA 


I VCOIN 
HI 
CLK2= VIH, 
DSSUM= 
1 V 
- 


DSINP - DSINN 
= 0.1 V 
-200 
-60 
fJA 


I VCOIN 
LO 
CLK2 = VIL 
60 
200 
fJA 


VCOHI 
CT = 4.0V, VCOIN= 
4.0V 
2.5 
0 
V 


VCO LO 
CT = 1.OV, VCOIN 
= 1.0V 
0.25 
0.5 
V 


RDINPDC, 
RDINNDC 
open 
2.3 
2.5 
2.7 
V 


VOH 
ZEROX 
RDINP - RDINN 
= 2.0V 
2.4 
V 


IOH = -0.4 mA 


VOL ZEROX 
RDINP - RDINN 
= 2.0V 
0.5 
V 


IOL = 2.0 mA 


VAGCTP 
RDINP - RDINN 
= 2.0 V 
2.4 
3.6 
V 
VAGC 
= 1.0V 


AvVGAMIN 
RDINP - RDINN 
= 1.0 V 
0.5 
V/V 
VAGC 
=4.0V 


AvVGA 
MAX 
RDINP - RDINN 
= 0.4 V 
2.0 
V/V 
VAGC 
= 1.0 V 


VAGC 
BIAS 
XAGC= 
1.0 V 
0 
200 
fJA 
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IRESET SUM, 
DIFF 
RESET= VIL 
80 
400 
fJA 


IOFF SUM, 
DIFF 
RESET= VIH 
-100 
100 
nA 


VSUM 
RESET= VIL 
1 
1.3 
V 


VDIFF 
RESET= VIL 
2.1 
2.4 
V 


I SUM, 
DIFF UNBAL 
GATE = VIH, CLOCK 
-40 
40 
fJA 
VAGC 
1X, 1 Vp-p swing 


IDIFF UNBAL 
XOR 
MUXSEL = VIH 
-40 
40 
fJA 


I PEAK SUM 
RDINP - RDINN = 1.0 V 
300 
400 
600 
fJA 
MUXSEL = VIH 


I PEAK DIFF P 
RDINP - RDINN = 1.0 V 
300 
400 
600 
fJA 
MUXSEL = VIH, 
VAGC = 1V 


I PEAK DIFF XOR 
RDINP - RDINN = 1.0 V 
-600 
-400 
-300 
fJA 
MUXEN = VIH, VAGC = 1.0V 


VOHSUM, 
VOHDIFF 
RDINP - RDINN = 1.0V 
3.55 
V 


VOL DIFF, VOLSUM 
RDINP - RDINN = 1.0V 
0 
1.0 
V 
MUXSEL = VIH 


IGATE 
GATE = VIH, CLOCK 
1X 
-100 
100 
nA 


VOS MUXSUM 
MUXSEL = MUXEN = VIL 
2.492 
2.508 
V 


V05 
MUXDIFF 
MUXSEL = VIH, 
VDIFF = 2.5V, 
2.492 
2.508 
V 
MUXEN = VIL 
IBIASSUM 
DIFF 
SUM = DIFF = 2.5V 
0 
300 
nA 


VOHMUX 
SUM = 3.9 V 
3.55 
V 


VOLMUX 
DIFF = 0.95 
0 
1.0 
V 


INSINGMUX 
VMUXOUT 
= VXX 
1.5 
2.5 
mA 


Amplifier 
settling time - tsmux 
Rout = 604 ohms, Cout = 36 pF 
0.4 
1 
fJsec 


lIeakage 
10 
nA 


Linearity 
o to 1V input with 
VAGC 
such that AvVAGC 
= 1.0V 
-5 
5 
%F.5 
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ML4535 


The ML4535 
provides area measurement demodulation 
of 


both the continuous 
(dedicated) servo surface and the 
sectored (embedded) servo data on each of the data 
surfaces of a "hybrid" servo disk drive. It operates on a 
single +5V supply and is intended to interface to a 
moderate speed, successive approximation 
ADC with 
multiplexed 
inputs and sample and holds, like the 
ML2377. 
In a conventional 
peak detection based servo 
scheme, the attack rate of the peak detectors are 
inherently 
faster than the decay, high crest factor noise 
sensitivity 
is high and rectification 
must have a very low 
offset for it to be functionally 
correct. On the other hand 


area detection 
has much better noise rejection and is 
more tolerant of small rectifier offsets. However 
it requires 
that the measurement period be an integer number of 
signal half cycles. Hence when the timing requirements 
are satisfied, area detection 
is certainly 
more accurate 
than peak detection 
schemes. 


DATA SURFACE OR 
EMBEDDED SERVO DEMODULATOR 
SECTION 


The data surface (embedded) servo demodulator 
section 


of the ML4535 consists of a standalone AGC control 
loop 


so that the amplitude 
control 
function 
is self contained 
on 


the chip and two area detectors providing 
the sum (A+B) 
and difference 
(A-B) outputs which 
are muxed out 


through a mux amplifier. 


Input Amplifier and AGC 


The input amplifier 
and AGC circuit operate with 


differential 
inputs in the range of 0.25Vp-p 
to 2Vp-p, 
from the read channel filter's lowpass outputs. The 
purpose of the AGC loop is to maintain a constant area 
detect value that correlates to the zero scale and full scale 
output values based upon the minimum 
and maximum 


burst value. The sensing for the AGC is at the output of the 
area detector, allowing 
signal ranging based on the area of 
the burst rather than the peak level of the burst. The AGC 
is intended to be updated at every sector of servo position 
bursts such that the signal variances due to the platter 
radius and differences 
in the read channel data 
frequencies can be corrected. 
In this closed-loop 
system, 


the area detected output voltage is fed back and 
compared with the VAGCREF voltage to provide a gain 
control current for charging and discharging the 
VAGCCAP. The gain is varied to secure constant area of 
the output signal and provide amplitude 
control. 
The AGC 
gain value is held constant when the AGCEN is at logic 
low. When is is logic high, the level of gain can change up 
or down. The capacitor from VAGCCAP to ground holds 
the gain setting when AGCEN is at logic low and the area 
detector output does not aflect the gain setting in this 
mode. 


Zero X Detector 


The output of the zero crossing detector (comparator) 
is 


provided for system synchronization. 
It detects zero 
. 
crossings of the composite signal delivered 
by the Vanable 
Gain Amplifier, 
VGA. The output of this comparator 
controls the synchronous 
rectification 
of the composite 
VGA output, in the area detectors. This signal is internally 
generated in ECl, but an internal ECl to TIl 
converter 


presents this output as a TTl level on the ZEROX pin. 
Control logic in the servo channel employs the ZEROX 
signal to produce an area detector enabling gate, which 
spans a fixed number of cycles of the composite 
signal. 


Area Detectors (Sum & Difference) 


The area detectors detect the A and B burst levels by area 
detection. 
Two area detectors - 
one to measure the sum 
of the A and B bursts (A+B), and a second one to measure 
the difference 
(A-B). Each area detector is implemented 
as 
a gated current - 
output synchronous 
rectifier, driving 
an 
external charge accumulating 
integrating capacitor. Area 


detection 
occurs only while the area detector is enabled 


under the control of the GATE pin. When the detector is 
disabled, the integrating capacitor 
is effectively 
floated. 


The on-chip 
D Flip-Flop resynchronizes 
the gating signal 
to remove any timing error due to logic delays in the 
external gate control 
logic. Initial conditions 
on the 


integrating capacitors are established prior to an area 
detecting operation 
by a reset circuit controlled 
by the 


RESETpin. A reset operation 
forces the voltage on the 


DIFF area detecting capacitor to equal the 2.5 volts 
applied on the VREF pin and the voltage on the sum area 
detecting capacitor to equal VREF/2. Determination 
of the 


burst difference (A-BJ, is accomplished 
under control of 
the MUXEN pin, by inverting the phase of the carrier input 
to the second area detector, while the burst B is being 
detected. The inversion is performed by an XOR gate. 
Accordingly 
(A-B) is bipolar relative to VREF,while (A+B) 


is unipolar. 


Multiplexer Amplifier 


The multiplexer 
amplifier 
drives the MUXOUT 
pin and 
allows sequential interrogation 
of the (A-B) and (A+B) 


measurements, the results of which are stored on the 
external integrating capacitors. The amplifier 
is 


implemented 
as two independently 
selectable input 
stages, driving a common 
output structure, to form a 
voltage follower. 
To minimize 
the droop of the (A-B) and 


the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the MUXOUT 
pin (MUXSEl = 0). The 


MUXSEl 
and MUXEN pins govern multiplexer 
channel 
selection through a decoding 
network. 


CONTINUOUS 
OR DEDICATED 
SERVO DEMODULATOR 
SECTION 


The continuous 
(dedicated) servo demodulator 
section of 


the Ml4535 
consists of its own variable gain amplifier 
and 
AGC loop, a variable frequency oscillator 
and four 
synchronous 
detectors. 
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The first synchronous 
detector (AREA DETECTOR #4) is 


used as a multiplying 
phase detector to control 
the 
variable frequency oscillator 
and complete the analog 
portion of the phase locked loop that recovers the clock. 


The second synchronous 
detector (AREA DETECTOR #3) 


is used for measuring the area of the composite signal, to 
determine 
its amplitude 
for comparison 
with the on-chip 


reference of the AGC loop. An amplitude 
level 


comparator 
is also included 
on this detector's output to 
provide the logic level output for Frame sync and -Index 
data. 


The third and fourth synchronous 
detectors (AREA 


DETECTORS #1 & #2) are used to demodulate 
the normal 


and quadrature 
position signals. The normal and 


quadrature outputs are currents that have been terminated 
on chip with nominal 
19K resistors to a 2.3 volt reference 


(0.9 x 2.5 volts). 


Operational 
Example 


An example continuous 
servo composite servo encoding 


and the associated demodulator 
clock waveforms are 


shown in figure 1. The VCO operates at twice the 
frequency of the fundamental 
of the composite signal and 


drives two flip flops that generate quadrature and normal 
phase references. The Clock generation 
logic circuit and 


synchronizing 
circuit for the PLL, to acquire initial 
lock 


with type 2 loop, are shown in figure 2. A state counter 
divides the servo frame into eight intervals which 
are: 


NAME 
LENGTH(IN CLOCK CYCLES) 


S 
2 


Xl, 
X2, X3 
1 
A, B, C, D 
n where n is an integer like 8 


Note that all peaks of the composite signal are on Quad 
clock phase boundaries, 
so it contains only one 
fundamental 
frequency, which 
is easily acquired by the 


phase locked loop. The sync character is 1800 out of 
phase with all others; thus at phase alignment 
it causes no 


disturbances to the phase comparator 
but gives an easily 


recognizable 
reverse polarity 
ripple in the AGC which 
is 
easily detected with a level detector to provide a frame 
sync logic signal to initialize 
the state counter. 


The A, B demodulator 
is selected from the center of S to 


the center of X2 and the C, D demodulator 
is selected 
from the center of X2 to the center of S. The S, Xl, 
X2, X3 


information 
is in quadrature with the position clock and 
symmetrical 
so their contribution 
cancels to zero for the 


position output but not for AGC and phase compare. The 
NORMAL clock is used throughout 
A, B, C, D but inverted 


1800 as required by the track type to give A-B, C-D, 
B-A, 


D-C without 
additional 
analog switching 
in position 
1 
demodulator 
for track following. 


Filters are needed on each of the four demodulators 
for 


removing the carrier ripple and providing 
frequency 
compensation 
for the gain control 
phase locked loop 


systems. The current output scaling of all four detectors 


I 
X, I 
A 
I 
8 
I 
X2 I 
c 
I 
D 
I 
Xl I 
I 
JVWV~~fVv~~~fVV~~=\/\r~1\fV\r 
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JlJlJUlJLr 
JlJ1JlJ1Jl 
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resistors. Thus a capacitor to ground provides an 
integrating response for the AGe control 
loop, as well as 
ripple filtering. 
For the phase comparator 
filter, two 
capacitors and a resistor provide 
D.C. integration 
plus a 
lead-lag 
for the PLL control 
loop compensation. 
For the 
position outputs, on-chip 
19K nominal 
resistors to (0.9 x 
Vref) are provided 
so a capacitor to ground is added to 
form a low pass ripple filter. 


The phase compare detector forms phase only (not phase 
frequency) characteristic, 
so the loop will 
not acquire 
initial 
lock with and integrating 
loop filter, which 
is 
needed to assure no steady state phase error. The 
synchronizing 
circuit suggested (refer figure 2), senses 
when the vea control voltage is near either rail and 
applies a pulse that ramps it toward the other rail and thus 
through the operational 
frequency where it locks. The 
lock range is much greater than the acquire range, so it 
retains lock in the prescence of the resistor-coupled 
pulse, 
with a small phase error, until the pulse goes away and the 
phase error becomes zero. 


I here are a number of merits in using a hybrid servo 
scheme consisting of a servo surface plus limited data 
head servo samples over the completely 
embedded or 
data head sector servo samples scheme. These are 
summarized 
below: 


Cost: Lost data surface capacity is less than 1% for a servo 
surface plus samples compared to 8% for samples only. 
This suggests that with six or more platters, the servo 
surface has an advantage. Without 
a servo surface, it is 
difficult 
to generate accurately 
phase and track center 
aligned data head (embedded) servo sectors in the drive, 
requiring them to be done with extra time on an 
expensive servo writer and moving the cost crossover 
point nearer to four platters. Drive hardware and costs 
including 
assembly and test favour DSP implementations 
in either case. 


Effect on position error sources: These can be very similar 
for both configurations 
with optimized 
control 
algorithims. 
The servo surface does have some advantages 


in being able to obtain higher bandwidths 
and thus faster 


settling time and greater reduction 
of non-repetitive 
run- 
out and random disturbances. 


DECODE 


AND 


SELECT 


AGCCLOCK 


PHASE COMPARE CLOCK 


POSITION COMPARE CLOCK 


POSITION SELECT 


(TLC 393 OR SIMILAR LOW BIAS GROUND 
SENSING DUAL COMPARATOR) 


Figure 2. Support Circuitry for the Ml4535 
Based "Hybrid" Servo Subsystem 
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Effect on access time: A system with a servo surface has 
two advantages here. The ability to adjust the control 
signal at shorter time intervals and a higher small signal 
bandwidth, 
both of which 
reduce settling time. Move 


times can be equivalent. 


Data integrity: 
Here there is a clear superiority 
for a servo 
surface system in preventing writes which destroy existing 
data. There are at least two ways in which this can 
happen. Electronic noise in the sector timing causes servo 
sectors to be over written, 
so that the head can no longer 


be positioned 
to read the track even if the data is intact. 


This probability 
can be made acceptably 
small by 


redundancy 
in the electronics. 
External mechanical 
shock 


while writing 
a data sector can not only cause improper 


writes of the new data but also overwrite 
adjacent tracks. 


Inherently there is no way to prevent this with servo 
sectors only, as there is no position data measurement 
available and estimators do no good for random fast 
disturbances. 
Dynamically 
balanced rotary actuators 
reduce this exposure compared to linear travel positioners 
but cannot eliminate 
it completely. 


SERVO DESIGN SUGGESTIONS FOR A HIGH TRACK 
DENSITY DISK DRIVE 


The best design choices for a high track density disk drive 
with four or more platters are outlined 
below and the 


hybrid servo subsystem based on the ML4S3S & ML2377, 
provides the most optimum 
solution for implementing 


these design choices and making track densities of 3000 
TPI easily achievable. 


1) Continuous 
servo surface with quadrature signals plus 


some position samples and/or calibration 
tracks for each 


data head. 


2) DSP implementation 
of the position control system for 
best performance 
of state estimators and adaptive 


parameter adjustment. 


3) Area integration 
position demodulation 
on both the 
servo (dedicated) surface and data head position 
(embedded) servo samples, for best accuracy and noise 
rejection. 


4) Thin film heads with gap edges aligned and 
perpendicular 
to the disk surface. 


S) Dynamically 
balanced rotary actuator for best rejection 


of external mechanical 
shock. 


eLK3 
SELDET 
DSINP 
DSINN 


DSSUM 
DCRCAP 
SYNC 
elK! 
CLK2 
RT 
CT 


VCOOUT 


VCOIN 
AGCEN 
VAGCREf 
VAGCCAP 
RDINP 
RDINN 


• 


4·CH 
MUX 
& 
2-S/H 
DATA 
BUS 


BUfFERS 


TIMING 


AND 


CONTROL 
VAGCTP 


RDSUM 
RDDlff 


SPINDLE 
MOTOR 
CONTROL 
ML4402/6/B 


ISENSE 
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ML4535 


ORDERING INFORMATION 


PART NUMBER 
TEMPERATURE 
RANGE 
PACKAGE 


ML4535CQ 
QOCto +7QoC 
32-Pin 
PLCC (P32) 


ML4535CH 
QOCto +7QoC 
32-Pin TQFP (H32) 


G~Micro Linear 


'Micro 
Linear 


May 1992 
PRELIMINARY 


ML4568 


Disk Pulse Detector + 


Embedded Servo Detector 


The ML4568 is a hard disk pulse detector with two 
gated peak detectors to demodulate em?edded servo 
information. 
The pulse detector section Includes a 


wide bandwidth 
differential amplifier with automatic 
gain control (AGC), a precision full wave rectifier, time 
channel and gate channel. The embedded servo peak 
detector section includes a full-wave rectifier, two 
gated peak detectors, buffered peak detector outputs, 
and a difference output. A 2.2SV bandgap reference IS 
also included on-chip. 


The ML4568 is a 5V-only upgrade for 8468-type 
devices. Upgraded features include increased data rate 
operation (to 24 MB/s with RLL(1,7) coding), improve 
pulse pairing (1ns),and reduced power consumption 
(400mW typical) resulting from SV-only operation. 


The ML4568 pulse detector section detects amplitude 
peaks, producing 
a TIL-compatible 
output which 


accurately indicates the time position of signal peaks. 
In hard disk applications, these signal peaks represent 
flux reversals in the magnetic medium. 


• 5V-only operation 
• Low power consumption 
(400mW typical) 


• Supports 24 MB/s RLL(1,7) coding 
• Less than ±1 ns Pulse Pairing 
• Wide 
input signal amplitude 
range (10mVpp to 


100mVpp) 


• On-chip 
differential 
gain controlled 
amplifier, 


differentiator, 
comparator 
gating circuitry, and 
output 
pulse generator 


• Adjustable 
comparator 
hysteresis 


• Dynamic 
hysteresis tracks signal amplitude 


• AGC and differentiator 
time constants set by 


external components 


• TIL compatible 
digital inputs and outputs 


• Built in embedded 
servo detector 
• On chip buffers provide 
low impedance 
servo 


output 
voltages 


• User adjustable servo time constants • 


AGClN+ 


2.25K 


2.25K 


AGON- 
7 


14 


CAGC 


RW 


AGCSET 


Vcc 


AGND 
26 


DGND 
13 


21 


+2.25V 
VREFOUT 


BANDGAP 
REF 


DOur 


RD 


SET PW 


BUFA 


25 
DAOUT 


15 
BUFB 
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Vcc 


SET PW 


DOUT 


DA OUT 


LEVEL 


HYS. 


DISCH. 


which detect embedded servo information, 
used for 


head positioning. The ML4568 provides two buffered 
low impedance voltage outputs which represent the 
peak detected level of each servo burst. The ML4568 
also provides a buffered output that represents the 
voltage difference between the two servo channels, 
centered about VREF. 
AGCIN- 


R/W 


VREFOUT 


GIJE2 


PKB 


PIN II 
NAME 
FUNCTION 
PIN II 
NAME 
FUNCTION 


Power Supply 
Analog Signals(Continued) 


9 
Vcc 
+5V ± 10% supply. 
24 
LEVEL 
This is a Peak Detector Output 


21 
VREFOUT 
Internal 2.25 V reference voltage 
signal that is used in conjunction 


output. 
with the set hysteresis pin 23 to 


26 
ANALOG 
Analog signals should be 


provide a dynamic hysteresis 
function. 


GROUND 
referenced to this pin. 


5 
AGCSET 
The AGC circuit adjusts the gain 
13 
DIGITAL 
Digital signals should be 
of the gain controlled 
amplifier 
GROUND 
referenced to this pin. 
to make the differential 
peak to 
Analog Signals 
peak voltage at the Channel 


6 
AMP IN+ 
These are the differential inputs 
inputs equal to four times the 


7 
AMP IN- 
to the Amplifier. The output of 
DC voltage on this pin. 


the read/write 
head amplifier 
VAGCSET= YNcc + lj.,vpp where 


should be capacitively coupled 
Vpp is the peak-peak differential 


to these pins. 
voltage on the channel input. 


28 
AMP OUT+ 
These are the differential outputs 
14 
CAGC 
The external capacitor for the 


27 
AMP OUT- 
of the Amplifier. These outputs 
AGC is connected 
between this 


should be capacitively coupled to 
pin and Analog Ground. 


the channel filter. 
18 
PKA 
The peak detected servo signal 


4 
-CH IN 
These are the differential inputs 
19 
PKB 
voltage appears across the RC 


1 
+CH IN 
to the time, gating and servo 
networks connected from these 


channels. These inputs must be 
pins to analog ground. 


capacitively coupled to the 
16 
BUFA 
These low impedance pins, 
channel filter at the amp. outputs. 
15 
BUFB 
output the DC level at pins 18 


The maximum differential 
and 19 respectively, level shifted 


peak-to-peak swing at this input 
down by two diode drops. 


is 1.5 Vp_p. 
25 
DA OUT 
This low impedance pin outputs 
2 
CD+ 
The external differentiator 
the difference in voltage between 


3 
CD- 
network is connected 
between 
pins 16 and 15 about a zero level 


these two pins. 
set by the voltage on pin 21. 


23 
HYS. 
The DC voltage on this pin sets 
the amount of hysteresis on the 
differential 
comparator. 
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Digital Signals 


10 
SETPW 
An external capacitor to control 
the pulse width of the Encoded 
Data Out (RD) is connected 
between this pin and Digital 
Ground. See Figure 1. 


If this pin is low, the Pulse 
Detector is in the read mode 
and the chip is active. When this 
pin goes high, the pulse detector 
is forced into a stand-by mode. 
.This is a standard ITL input. 


This is the buffered, open 
collector, output of the differential 
comparator with hysteresis. 


This is the standard ITL output 
whose leading edge indicates the 
time position of the peaks. 


Digital Signals(Continued) 


17 
GATE 1 
These inputs accept ITL levels. 


20 
GATE 2 
When a low level is present the 
embedded 
servo signal is allowed 


to charge the RC network at pins 
18 and 19 respectively. A high 
level will force a hold condition 
of the DC voltage across the RC 
network and will also disable the 
servo channel. 


22 
DISCH. 
This input accepts a ITL level. 
A high level connects a 1.5K 
internal resistor to ground on 
pins 18 and 19. 


Supply Voltage 
Pin 9 ...............•...........•..•................... 
14V 


ITL Input Voltage 
Pins8, 17,20, 22 
S.5V 
ITL Output Voltage 
Pins12,11 
. . .. .. . . 
. 
.. . . 
S.SV 
Input Voltage 
Pins23, 5 
S.SV 
Minimum Input Voltage 
Pins23, 5 
-O.5V 
Differential Input Voltage 
Pins0-7,4-1 
3V or -3V 
ESDsusceptibility rating is to be determined 
StorageTemperature 
-0S°Cto +1S0°C 
LeadTemperature(Soldering10sec.) 
300°C 
Maximum Power Dissipationat 25°C; 
PLCCPackage(derateTBD mW/OCabove 25°C)... 
S00mW 


Vcc 
4.5Vto S.5V 
Ambient Temperature,TA 
.........••..•.••••..•. 
O°Cto +70°C• 
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ELEORICAL 
CHARAOERISTICS 


Over 
recommended 
operating 
conditions. 


Set Hysteresis 
= 0\1, VP1N 17 = 2\1, READ/WRITE 
= 0.4\1, VPIN 22 = 0.4\1, unless 
otherwise 
noted. 


Symbol 
~ 
Parameter 
Cooditions 
~ 


Amplifier 


Z,NAI 
6,7 
Amp 
In Impedance 
(Note 
1) 
TA = 25°C 
1.8 
204 
3.0 
KO 


AYMIN 
28,27 
Minimum 
Voltage 
Gain Differential 
AC Output 
3 Vpp 
6 
15 
VIV 


AVMN< 
28,27 
Maximum 
Voltage 
Gain 
Differential 
AC Output 
3 Vpp 
250 
300 
VIV 


ZINO 
4, 1 
Channel 
Input 
Impedance 
TA = 25°C (Note 
1) 
2.5 
KO 


ICAGe- 
14 
Pin 14 Current 
which 
Charges 
CAGC 
VPIN 14 = 2.2V 
5.0 
5.8 
mA 


ICAGc+ 
14 
Pin 14 Current 
which 
Discharges 
CAGC 
VPIN 14 = 2.2V 
0.5 
2 
pA 


IAGCSET 
5 
AGCSET Input 
Bias Current 
8 
100 
pA 


I,l 
23 
Set Hysteresis 
Input 
Bias Current 
VPIN 23 = 0 
-20 
pA 


Ico 
2,3 
Current 
into 
Pin 2 and 3 that 
0.8 
1.0 
mA 


Discharges 
Co 


HYS 
23 
Peak Hys. vs VHYS 
VPIN 23 = 1V 
0.25 
004 
0.55 
VPKI 


- 
',- 
VOC 


Z,NA, 
6, 7 
Amp 
In Impedance 
in Write 
Mode 


IAGe- 
14 
Pin 14 Current 
in Write 
Mode 


Digital Pins 


Vp1N6 = 2.0V 


VPIN6 = 2.0Y, V PIN14 = 2.2V 


V,H 
8, 17, 
High 
level 
Input 
Voltage 
2 
V 
20,22 


V,l 
8, 17, 
low 
level 
Input 
Voltage 
0.8 
V 
20,22 


I'H 
8, 17, 
High 
level 
Input 
Current 
Vsv ~ Max, V, ~ 2.7V 
20 
pA 
20,22 


I,l 
8, 17, 
low 
level 
Input 
Current 
Vsv = Max, V, ~ 0.5V 
140 
200 
JJA 


20,22 


VOH 
12 
High 
level 
Output 
Voltage 
Vsv ~ Min, 
IOH = -400pA 
(Note 
2) 
204 
V 


VOl12 
12 
low 
level 
Output 
Voltage 
Vsy = Min, 
1m= 800pA (Note 
2) 
0.5 
V 


IlH 
11 
High 
level 
Output 
leakage 
Current 
VPIN 11 = Vcc 
Measure 
Current 
into 
50 
pA 


Pin 11 


V0111 
11 
low 
level 
Output 
Voltage 
IplN 11= 800 pA 
0.5 
V 


ZOIS 
18, 19 
Discharge 
Impedance 
VPIN 22 = 2V (discharge) 
0.5 
1.8 
2.5 
KO 
Force 2.5V on Pins 18 or 19 


VBOQ 
15, 16 
Buffer 
Quiescent 
Output 
level 
VP1N17,20, 22 ~ Oo4Y, Vo 
= OV 
1.0 
1.6 
2.0 
V 


Pull OmA from 
Pins 15 and 16 


VlEVEl Q 
24 
level 
Quiescent 
Output 
level 
Vo 
= OV 
0.2 
0.5 
V 


Pull 200pA from 
Pin 24 


Il 
18, 19 
Gated 
Off 
leakage 
Current 
VPIN 22 = Oo4Y, VplN 20 = VplN 17 = 2V 
-1 
1 
pA 


Force 3V on Pin 18 or Pin 19 


'Micro 
Linear 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Over 
recommended 
operating 
conditions. 
Set 
Hysteresis 
= OY, VPIN 
17 = 2Y, READ/WRITE 
= OAY, 
VPIN 
22 = OAY, unless 
otherwise 
noted. 


Symbol 


Servo Channel 
(Continued) 


VOSBO 
16, 15 
Buffer 
Output 
Offset Voltage 
VplN 
17,20,22 = 0.4y, VPIN 1 = 2.75V 
2 
±15 
mV 


for Vo = 1VPK_PK 
Pull OmA from 
Pins 15 and 16 
V PIN 4 = 2.25Y, 


VOSBO ~ VPIN 
16 - VPIN 15 


Vosys 
25, 21 
System Output 
Offset Voltage 
V PIN 17,20,22 = 0.4 
±5 
±20 
mV 


for Vo = 0.75VpK_PK 
V PIN 1 ~ 2.688Y, V PIN 4 ~ 2.313V 
Pull OmA from 
Pin 25 


VOSYS~ VPIN 
2S- VP1N 21 


AVDA 
(1V) 
25,21 
Difference 
Amplifier 
Gain, 
VPIN 
17,20 ~ 2V 
1.6 
2 
2.4 
VIV 


1V Differential 
Input 
VPIN 
19 ~ 1.5Y, VPIN 18 = 2.5Y, 


VPIN 
22 ~ O.4V 


AVDA 
(.5V) 
25, 21 
Difference 
Amplifier 
Gain, 
VPIN 
17,20 = 2V 
1.6 
2 
2.4 
VIV 


O.5V Differential 
Input 
VPIN 
19 ~ 1.75Y, VPIN 18 = 2.25Y, 


V PIN 22 = O.4V 


GLDA 
25 
Difference 
Amplifier 
Gain Linearity 
0.2 
2.5 
% 


ZlEVEL 
24 
Level Out 
Output 
Impedance 
VPIN 
17,20,22 = 0.4y, Vo = 0.75V 
100 
180 
250 
n 
SOURCE 
Measure 
VplN 
24 with 
200llA 
and 


3mA 
pulled 
out 
of the pin. 


ZlEVEL 
= change 
in VP1N 24 SOURCE 


3mA - 0.2mA 


AVCD 
15, 16 
Gated 
Detector 
Gain 
V PIN 22,20,17 = O.4V 
1.45 
1.8 
2.25 
VIV 
n.5V) 
for Vo 
~ 1.5VPK_PK 
VplN 
1 ~ 2.875Y, VP1N 4 = 2.125V 


AVCD 
15, 16 
Gated 
Detector 
Gain 
V PIN 22,20,17 ~ O.4V 
1.45 
1.7 
2.25 
VIV 
(0.75V) 
for V 0 
= 0.75V PK-PK 
V PIN 1 ~ 2.688Y, VPIN 4 = 2.313V 


AVlEVEl 
24 
Level Voltage 
Gain 
VP1N 1 ~ 2.875Y, VP1N 4 = 2.125V 
1.45 
1.8 
2.25 
VIV 
n.5V) 
For Vo 
= 1.5VPK_PK 


AVlEVEL 
24 
Level Voltage 
Gain 
VP1N 1 = 2.687Y, Vp1N 4 = 2.312V 
1.6 
1.9 
2.4 
VIV 
(0.75V) 
For Vo 
= 0.75VPK_PK 


GLCD 
15, 16 
Gated 
Detector 
Gain Linearity 
±0.1 
±2.5 
% 


Icc 
9 
Vcc 
Supply 
Current 
Vcc 
~ Max 
40 
90 
110 
mA 


VREF 
21 
V REF Voltage 
2.0 
2.25 
2.5 
V • 
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Uver 
Kecommended 
Operating 
Temperature 
and 
Supply 
Range 
refer 
to 
AC 
Test Setup. 
f = 2.5MHz 
unless 
otherwise 
indicated. 
PKA, 
PKB = 1KO 
+ 10nF to GND. 


Symbol 
Pins 
Parameter 
Conditions 
, 
Min 
lYP 
Max 
Units 


tCHARGE 
15, 16 
Gated 
Detector 
Charge 
Time 
VCI = 1.5Vpp, VP1N22 = 0.3y, 
1.0 
J1S 


With 
PKA and PKB discharged, 


measure 
the time 
from 
Pin 17 or 20 
going 
from 
2V to 0.3y, to VB01 or 


VB02 respectively, 
reaching 
90% of 


their 
final value 


tDISCHARGE 
15, 16 
Gated 
Detector 
Discharge 
Time 
VCI ~ 1.5Vpp. 
70 
J1S 


With 
lP1 charged, 
measure 
the time 
from 
Pin 22 going 
from 
O.3V to 2Y, to 


the voltage 
at VB01 or VB02 reaching 
90% of their 
final 
value 


tON 
18, 19 
Gated 
Detector 
Turn ON 
Time 
VCI = 0.35Voo 
VP1N22 = O.3V. 
0.2 
J1S 


With 
lPl 
discharged, 
measure 
the 
time 
from 
Pin 17 going 
from 
2V to 
0.3y, to the voltage 
on Pin 18 


increasing 
0.1V. 


Do a similar 
measurement 
with 
lP2, 
Pin 20 and Pin 19 


tOFF 
18, 19 
Gated 
Detector 
Turn OFF Time 
VCI ~ 0.35Voo 
VP1N22 ~ 2V. 
0.4 
J1S 


Measure 
the time 
from 
Pin 17 going 


from 
O.3V to 2Y, to the voltage 
on 


Pin 18 decreasing 
by 0.1V. Do a 
similar 
measurement 
with 
Pins 20 and 
19 


tpp 
12 
Pulse Pairing 
Ml4568-1 
f = 2.5MHz 
and VCI = 1Vpp differential 
±1 
ns 


tpp 
12 
Pulse Pairing 
Ml4568-2 
f = 2.5MHz 
and VC1= 1Vpp differential 
±3 
ns 


Notes: 
1. The temperature 
coefficient 
of the input impedance is typically 0.05% per 0c. 


2. To prevent inductive coupling 
from the digital outputs to Amp In, the TIL outputs should not drive more than one ALS TIL load each. Pin 
11 is an open collector 
output which is tested with an external 1K pullup resistor to the 5V supply. 


'Micro 
Linear 


DOur 


12 
RD 
Cos vCC 


S 
10 
p- 


AGCSET 
SET PW 


vcc0--2- 
16 
BUFA 
+2.25V 
AGNDoJ.L 


DGNDo-!L 


• 


Note 1: K = R1/R2 
Note 2: Hysterisis Level = 0.6 x KIVIN 
pop 
Note 3: RC on pins PKA and PKB basically tuned to minimize 
ripple. 


'-Micro 
Linear 


SmlNG 
THE OUTPUT PULSEWIDTH 


The RD output 
pulsewidth 
is dependent 
on the value 


of Cos, which 
is connected 
from 
pin 10 to Vcc. This 
relationship 
is shown 
in figure 
1. 


Figure 1. RD Output 
Pulsewidth as a Function of <:Os 
PW = 0.5<:Os 


SELEalNG 
CD 


The following 
table summarizes 
the maximum 
Co value 


allowed 
for different 
data rates. These values are 


derived 
using 


176 
CD (max) = -, 
Ro = 0 


fMAX 


Data Rate 
fMAX 
CD (max) 


ZS MB/s 
2.81 MHz 
62.6 pF 


24 MB/s 
9 MHz 
19.6 pF 


labIe 1. Maximum CD Value Allowed for a 1.5 Vp_p 
Differential Signal Using RLL (1, 7) Code 


1, 7 RLL 
2,7 
RLL 


fMAX 
3/8 x Data Rate 
1/3 x Data Rate 


fMAX 
3/32 x Data Rate 
1/8 x Data Rate 


PART NUMBER 


ML4568·1CQ 
ML4568-2CQ 


PACKAGE 


MOLDED 
PCC (Q28) 


MOLDED 
PCC (Q28) 


PULSE PAIRING 
±1 ns 
±3 ns 


'Micro 
Linear 


,~ 
Micro Linear 


July 1992 
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ML461 OR, ML4611 R 


5V, 2-, 4-Channel Thin-Film 


Read/Write 
Circuit 


The ML461 0R!4611 R is a bipolar monolithic 
read/write 


circuit 
designed for use with two-terminal 
thin-film 


recording 
heads. They provide a low noise read amplifier, 
write current control, 
and data protection 
circuitry 
for up 


to four channels. The ML461 0R!4611 R incorporates 
internal 700 ohm damping 
resistors which 
dampen the 


write signals to the disk. When the device is switched to 
read mode, the damping 
resistor is switched out to allow 
the full signal to be amplified. 
Power supply fault 


protection 
is provided 
by disabling the write current 


generator during power sequencing. 
System write to read 


recovery time is significantly 
improved 
by controlling 
the 
read channel common 
mode output voltage shift in the 
write mode. The ML4611 R option also provides an user 
controllable 
write current adjustment 
capability, 
available 
in the 24-Pin package only. 


• 
Compatible 
to SSls32R461 0R!4611 R 


• 
Can drop into SSls 32R2020R series sockets 


• 
Single +S volt opera'tion 


• 
Low Power, PrDLE< SOmW, PMAX < 200mW 


• 
Read Mode gain = 200V/V 


•• Damping 
resistors switched out in Read mode 


• 
Input noise = 0.8SnVNHz 
max 


• 
Input capacitance = 3SpF max 


• 
Write Current range = 10-3SmA 


• 
Programmable write current source 


• 
Enhanced system write to read recovery time 


• 
Power supply fault protection 


• 
Head short to ground protection 


• 
24-pin SOIC (4 channel withWCADJ) 


• 
20-pin SOIC (4 channel without 
WCADJ) 


• 
16-pin SOIC (2 channel without 
WCADJ) • 


READ 


PREAMPS 
AND 
WRITE 
CURRENT 
SWITCHES 
(x4) 
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ML4610R-2CS 
ML4610R-4CS 
ML4611 R-4CS 


(S16W) 
(S20W) 
(S24W) 


GND 
CS 
GND 
Cs 
GND 
CS 


HOX 
R/W 
HOX 
RiW 
N/C 
R/W 


HOY 
WC 
HOY 
WC 
HOX 
WCADJ 


HIX 
RDY 
HIX 
RDY 
HOY 
WC 


H1Y 
RDX 
H1Y 
RDX 
HIX 
RDY 


VCC2 
HSO 
H2X 
HSO 
H1Y 
RDX 


N/C 
VCCI 
H2Y 
HSI 
H2X 
HSO 


WUS 
WDI 
H3X 
VCCI 
H2Y 
HSI 


TOP VIEW 
H3Y 
WDI 
H3X 
VCCI 


VCC2 
WUS 
H3Y 
WDI 


TOP VIEW 
N/C 
WUS 


VCC2 
N/C 


TOP VIEW 


PIN DESCRIPTION 


NAME 
TYPE 
FUNCTION 
NAME 
TYPE 
FUNCTION 


HSO, HSl 
Head Select: Selects one of four heads 
RDX, RDY 
0 
X, Y Read Data: Differential 
read data 


CS 
Chip Select: A high inhibits the chip 
output 


R/W 
Read/VVrite: A high selects read mode 
WC 
Write Current: Used to set the 
magnitude of the write current 


WUS 
0 
Write Unsafe: A high indicates an 
WCADJ 
Write Current Adjust: Used to decrease 
unsafe writing 
condition 
the write cu rrent 
WDI 
Write Data In: Changes the direction 
VCCl 
+5 volt supply 
of the current in the head 


HOX - H3X 
I/O 
X,Y Head Connectors 
VCC2 
+5 volt supply for write current drivers 


HOY - H3Y 
GND 
Ground 
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Ml461 OR, Ml4611 R 


RECOMMENDED OPERATING 
CONDITIONS 
DC Supply 
Voltage 
(Vccl) 
-0.3 
to +7VDC 


DC Supply 
Voltage 
(Vcc2) 
-0.3 
to +7VDC 


Write 
Current 
(lw) 
80mA 
Digital 
Input 
Voltage 
(V1N) 
-0.3 
to VCC1 
+ 0.3VDC 
Head 
Port Voltage 
(VH) 
-0.3 
to VCC1 
+ 0.3VDC 


Output 
Current: 
(RDX, 
RDY 
10) 
-1 OmA 


Output 
Current: 
(WUS) 
+ 12mA 


Storage 
Temperature 
TSTG.. 
. 
-65 
to + 150°C 


DC Supply 
Voltage 
(Vccl) 
5 ±5% 
VDC 


Dc:: Supply 
Voltage 
(Vcc2) 
5 ±5% 
VDC 


Operating 
Junction 
Temperature 
(T)) 
+25° 
to + 110°C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Vcc1 
Supply Current 
Read Mode 
33 
mA 


Write 
Mode 
27 
mA 


Idle Mode 
12 
mA 


Vcc2 
Supply Current 
Read Mode 
11 
mA 


Write 
Mode 
10+ 
Iw 
mA 


Idle Mode 
0.4 
mA 


Power Dissipation 
Read Mode 
200 
mW 


Write 
Mode 
150 + 4lw 
mW 


Idle Mode 
50 
mW 


VIL 
Input Low Voltage 
0.8 
VDC 


V1H 
Input High Voltage 
2.0 
VDC 


Input Low Current 
V1L= 0.8V 
-0.4 
mA 


Input High Current 
V1H = 2.0V 
, 
100 
lJA 


VOL 
WUS Output 
Low Voltage 
IOL = 2 mA max 
0.5 
VDC 


VCC1 Fault Voltage 
Iw<0.2 
mA 
3.8 
4.0 
4.2 
VDC • 


Write 
Current 
Constant 
"K" 
0.99 


Vwc 
Write 
Current 
Voltage 
1.15 
1.25 
1.35 
V 


WCADJ 
Voltage 
IWCADJ = a to 0.5 mA 
2.0 
Vcd2 
3.0 
VDC 


IHEAD (DECREASE) / IWCADJ 
26 
29 
32 
mNmA 


IWCADJ Range 
0.0 
0.5 
mA 


Differential 
Head 


Voltage 
Swing 
3.4 
6 
Vp_p 


Unselected 
Head Current 
1 
mA (pk) 


Head Differential 
Load Capacitance 
25 
pF 


Head Differential 
Load Resistance 
RD (ML461 0R!4611 R) 
560 
700 
950 
Q 


WDI 
Transition 
Frequency 
WUS = low 
1.0 
MHz 


Write 
Current 
Range (lw) 
10 
35 
mA 
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Ml461 OR, Ml4611 R 


ELECTRICAL CHARACTERISTICS 


SYMBOL 
I 
PARAMETER 
I 
CONDITIONS 


READ CHARACTERISTICS CL (RDX,RDY) 
< 20 pF, RL (RDX, RDY) = 1kn 


MAX 
I 
UNITS 


Differential 
Voltage 
Gain 
V1N = 1mVp_p @ 1MHz 
160 
200 
240 
V/V 


Voltage 
BW 


-ldB 
IZsl < sa, V1N = 1mVp_p 
20 
MHz 


-3dB 
35 
MHz 


Input Noise Voltage 
BW = 15MHz, 
LH = 0, RH = 0 
0.6 
~ 0.85 
nV/'I'RZ 


Differential 
Input Capacitance 
V1N = 1mVp_p, f = 5MHz 
27 
35 
pF 


Differential 
Input resistance 
VIN = 1mVp_p, f = 5MHz 
1000 
a 


Dynamic 
Range 
AC input voltage where gain falls to 
90% of its small signal gain value, 
f = 5MHz 
3 
mVp_p 


Common 
Mode 
Rejection 
Ratio 
V1N = 0 volts DC + 100mVp_p 
@ 5MH~ 
45 
dB 


Power Supply 
Rejection 
Ratio 
1OOmVp_p @ 5MHz 
on Vcc 
40 
dB 


Channel 
Separation 
Unselected 
channels 
driven 
with 


V1N= 0 volts DC + 100mVp_p 
45 
dB 


Output 
Offset Voltage 
-200 
+200 
mV 


Single-Ended 
Output 
Resistance 
f = 5MHz 
40 
a 


Output 
Current 
AC coupled 
load, RDX to ROY 
1.5 
mA 


RDX, 
Common 
Mode 
Output 
2.0 
2.8 
3.5 
VDC 


ROY 


R/W 
Read to Write 
R/W to 90% of write 
current 
0.1 
1.0 
llS 


R/W 
Write 
to Read 
R/W to 90% of 100mV 
Read signal envelope 
0.5 
1.0 
llS 


CS 
Unselectto 
Select 
CS to 90% of write 
current 
or 


90% of 100mV, 
10MHz 
0.4 
1.0 
lls 


CS 
Select to Unselect 
CS to 10% of write 
current 
0.4 
1.0 
lls 


HSO-1 to any head 
To 90% of 100mV 
10MHz 


Read signal envelope 
0.2 
1.0 
llS 


WUS 
Safe to Unsafe (TD1) 
0.6 
2.0 
3.6 
llS 


Unsafe to Safe (TD2) 
0.2 
1.0 
llS 


Head Current: 
LH = 0, RH = 0 
I 


WDlto 
Ix - Iy (TD3) 
From 50% points 
32 
ns 


Asymmetry 
WDI 
has 1ns rise/fall 
time 
1.0 
ns 


Rise/Fall Time 
10% to 90% points 
12 
ns 
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HEAD 


CURRENT 


(Ix - ty) 


CS 
R/W 
MODE 


0 
0 
Write 


0 
1 
Read 


1 
0 
Idle 


1 
1 
Idle 


HSl 
HSO 
HEAD 


0 
0 
0 


0 
1 
1 


1 
0 
2 


1 
1 
3 • 


The ML461 OR/4611R has the ability to address Up to 4 
two-terminal 
thin-film 
heads and provide write drive or 


read amplification. 
Head selection and mode control are 
described 
in the tables below. The TTL inputs R/W and CS 
have internal pull-up 
resistors to prevent an accidental 


write condition. 
HSO and HSl have internal pull-downs. 
Internal clamp circuitry 
will protect the ML461 OR/4611R 


from a head short to ground condition 
in any mode. The 


damping 
resistors are switched out during read mode, as 


identified 
by the R/W pin. 


WRITE MODE OPERATION 


Taking both CS and R/W low selects write mode which 
configures the ML461 OR/4611R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Head 


current is toggled between the X and Y side of the selected 
head on each high 
to low transition 
of the Write Data 
Input (WDI). A preceding read or idle mode select 
initializes 
the Write Data Flip-Flop to pass write current 
through the "X" side of the head. The current calculations 
are shown below: 


Write current (peak) is given by: 


I 
_K 
x VWC 


W 
RWC 


where 


RWC is connected 
from pin WC to GND 


Actual head current is given by: 


I 
-~ 
x, y- J+ RH 
RD 


where 


RH = head + external wire resistance 
RD = damping resistance 


The ML4610R/4611 R adds a feature which 
allows the user 
to adjust the Iw current by a finite amount using the 
WCADj 
pin, while writing 
to the disk. It is used by 


switching 
a separate write current adjust resistor in and 


out on the WCADj 
pin or by connecting 
a DAC to that pin 


to sink a controllable 
amount of current. It is nominally 


biased to Vcd2. Sinking current from this pin to ground, 
will divert a proportional 
amount of current from the 


actual head current while 
maintaining 
a constant current 


through the WC resistor and Vcc. Allowing 
WCADj 
to 


float or pulling 
it high will cut off the circuit and it will 
have no effect. For example, if the nominal 
head current is 


set to 30mA through WC with WCADj 
open, then for a 
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from the WCADJ pin, for achieving the same function. 


29xVWCADJ 
Iw head(decrease)---~~~ 
RWCADJ 


where 
VWCADJ= Voltage on the WCADJ pin 
RWCADJ= Write current adjust setting resistor 


A voltage fault detection 
circuit 
improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector 
output goes high under the 


conditions 
given below. After the fault condition 
is 
removed, a negative transition 
on WDI is required to clear 
WUS. 


- 
Write Data Input frequency too low 


- 
Device in Read Mode 


- 
Chip is disabled or head is open 


- 
No write current 


current generator. nie 
RDX and RDY output are driven by 


emitter followers. 
They should be AC coupled to the load. 


The (X,Y) inputs are non-inverting 
to the (X,Y) outputs. 
In 


the Idle or Write mode, the read amplifier 
is deactivated 


and RDX, RDY outpu~.become 
high impedance. 
This 


facilitates multiple 
R/W applications 
(wired-OR 
RDX, 
RDY) and minimizes 
voltage drifts when switching 
from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML461 OR!4611R supports the feature by which the 
internal damping resistors are switched out in the read 
mode, which 
allows the full signal to be amplified. 


IDLE MODE OPERATION 


Taking CS high selects the idle mode which 
switches the 
RDX and RDY outputs into a high impedance 
state and 
deactivates the device. Power consumption 
in this mode 
is held to a minimum, 
less than SOmW. 


ML4610R-2CS 
ML4610R-4CS 
ML4611 
R-4CS 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


16-Pin 
SOIC (S16W) 


20-Pin 
SOIC (S20W) 
24-Pin 
SOIC 
(S24W) 
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24 Mbps Read Channel Filter/Equalizer 


The ML6005 
is a monolithic 
analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 24Mbits/s, with 
an operating 
power dissipation 
of less than 300mW. 
Its 


architecture 
consists of a continuous 
type filter based on a 
transconductor 
and a high speed parasitic free active 
integrator, allowing 
complete 
independence 
of the filter 
response from interconnect 
parasitics, thus realizing 
a 


family of frequency 
response curves optimized 
for disk 
drive read channel equalization. 
It consists of a 
programmable 
6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function 
approximate 
a 
maximally 
flat group delay (Bessel) response, whereas the 


symmetric zeros provide the high-frequency 
boost 
necessary for pulse slimming. 
The user can independently 


adjust both the corner frequency, as well as the slimming 
level. The desired frequency 
response is programmed 
by a 
14-bit serial input data stream which 
includes one bit for 
power-down, 
one bit for read/write control, 
and one bit 


for auto-zero control. 
The auto-zero circuitry, 
if enabled, 
reduces the output offsets to less than 20mV. The read/ 
write control 
is also provided by a hardware pin. The 
ML6005 
is well suited for constant density recording 


systems (Zoned-bit 
recording) as well as for constant data 


rate systems. A 36Mbits/s version, ML6006 
is also 


available. 


• 
6-pole, 2-zero continuous 
time filter with < -45dB 


harmonic distortion 


• 
Disk Data rates up to 24Mbitls 


• 
Programmable 
filter cutoff frequency 
(4.3:1 range in 64 steps) 
(fc = 3.13 to 13.5MHz) 


• 
32 step programmable 
pulse slimming 
equalization, 


o to 1OdB boost at fc. 


• 
Power-down, 
Auto-zero, 
R/W modes programmable 


through bits in the Control 
Register 


• 
Lowpass output and Differentiated 
Lowpass (Bandpass) 
output provided. 


• 
Fully I/O balanced architecture 
with TTUCMOS 
compatible 
interface 


• 
High speed (upto 25M Hz clock) three wire serial 
microprocessor 
interface 


• 
Double buffered data latch for synchronous 
or 
asynchronous 
data loading. 


• 
Single 5V ± 10% power supply 


• 
O°C - 70°C operating temperature 


• 
Available 
in 20-pin SSOP package. 


• 
4 GHz/1.5fJ BiCMOS process 


• 
Power Dissipation 
- 
Popr = 300mW, 
Pdn= 7.5mW • 


BLOCK DIAGRAM 


VCCl 
GND 
NC 
VCC2 
(13) 
(4,5,9,11) 
(6,12,16) 
(3) 


VINP(7) 
VOLP(l) 


1000 
OHMS 
LOWPASS 
OUTPUT 
VOLM (2) 


SLIMMER 
1000 
FILTER 
BUFFERS 
VOHP (20) 


OHMS 
VINM(B) 
VOHM(19) 
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20-Pin 
SSOP 


VOlP 
VOHP 


VOlM 
VOHM 


VCC2 
SClK 


GND 
SDATA 


GND 
NC 


NC 
cs 


VINP 
R/W 


VINM 
VCCl 


GND 
NC 


REXT 
GND 


TOP VIEW 


PIN# 
NAME 


1 
VOlP 


2 
VOlM 


3 
VCC2 


4,5, 
GND 


9,11 


7 
VINP 


8 
VINM 


10 
REXT 


13 
VCC1 


14 
R;w 


Positive supply for the output 
drivers, 5V ± 10% 


Ground 


A 10K resistor between this pin and 
grou nd sets the fiIters corner 
frequency 


Positive supply, 5V ± 10% 


Read/Write Control pin. A low 
input level allows normal operation 
of the filter in the read mode. A 
high level input puts the filter in the 
write mode, where the input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response. A TTl 
input. Additionally 
a metal mask 


option is available to configure this 
pin as either power down enable or 
frequency boost disable 


PIN# 
NAME 
FUNCTION 


15 
CS 
Control Register Enable. A logical 
low level allows the SClK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issuesthe 
information to the appropriate 
circuitry. A TTl input. 


17 
5DATA 
Control Register Data. A TIl 
input 


18 
SClK 
Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTl input. 


19 
VOHM 
Differentiated lowpass outputs 


20 
VOHP 


6,12, 
NC 
No Connects, reserved for future 


16 
use. 
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VCC1, VCC2 
+6.5 volts 


VINP, VINM, 
REXT,CS, SCLK, 
SDATA, R;w 
GND - 0.3V to VCCl 
+ 0.3V 


VOLP, VOLM, 
VOHP, VOHM 
...........•...... GND - 0.3V to VCC2 + 0.3V 
Input Current per pin 
± 25 mA 


Package Dissipation 


at Ta = 25°C (Surface Mount) 
1.5 Watts 
Junction Temperature 
+ 150°C 
Storage Temperature 
-65°C to + 150°C 


VCCl 
= VCC2 
+ 5 volts ± 10% 
VIN = (VINP-VINM) 
1 Vp-p 


Rext 
10 Kohms 


Serial Clock Frequency (SCLK) 
< 25 MHz 


AC Coupling 
Capacitors 
> 0.0001 fJF 


ELECTRICAL CHARACHTERISTICS 
The following 
specifications 
apply over the recommended 
operating conditions, 
unless otherwise stated. Please refer to the 
application/test 
setup digram: 


VCCl = VCC2 = 5 volt ± 10%, Ta = O°C to 70°e, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 
Input and Output coupling 
capacitors = 0.0047 fJF 


RBl = 750 ohms (pins 1 & 2), RB2 '" 750 ohms (pins 19 & 20) 
RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 
Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, Read/Write bits = 0 
Digital timing measured at l.4V 
midpoint 
Input control signals from 10% - 90% of VCCl 
with (tr = tf) < 5 ns. 


SYMBOL 
I 
PARAMETER 


DC CHARACTERISTICS 


MAX 
I 
UNITS 


VCC Supply Current 


StandbyCurrent 


RB1= RB2= INF 


VIN = 0 
• 


VIL 
Low Voltage 
0.8 
V 


VIH 
High Voltage 
2.0 
V 


IIH 
High Current 
1.0 
fJA 


ilL 
Low Current 
-1.0 
fJA 


CIN 
Input Current 
5 
pF 


trw-CS 
Width of CS, High/Low 
25 
ns 


tsu-SDATA SDATA Setuptime to SCLK 
15 
ns 


twSDATA 
SDATA Hold Time 
5 
ns 


tsu-CS 
CSSetupTime to SCLK 
15 
ns 


twCS 
CS Hold Time to SCLK 
0 
ns 


tpwSCLK 
SCLKPulseWidth 
20 
ns 


twSCLK 
CS Inactive to SCLKActive 
125 
ns 
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AG 
Absolute 
Gain 
SO-54 = 0, FO-F5 = 0 at 1MHz 
-1.5 
-0.5 
0.5 
dB 


CF 
Cutoff 
Frequency, 
-3dB 
SO-54 = 0, (-3dB slimming) 


(f,ef = 1MHz) 
F5 
F4 
F3 
F2 
Fl 
FO (fe) 


0 
0 
0 
0 
0 
0 
12.15 
13.50 
14.85 
MHz 


0 
0 
0 
0 
0 
1 
11.54 
12.82 
14.10 
MHz 


0 
0 
0 
0 
1 
0 
11.04 
12.27 
13.50 
MHz 


0 
0 
0 
1 
0 
0 
10.13 
11.25 
12.38 
MHz 


0 
0 
1 
0 
0 
0 
8.68 
9.64 
10.60 
MHz 


0 
1 
0 
0 
0 
0 
6.75 
7.50 
8.25 
MHz 


1 
0 
0 
0 
0 
0 
4.67 
5.19 
5.71 
MHz 


1 
1 
1 
1 
1 
1 
2.82 
3.13 
3.44 
MHz 


5L 
Slimming 
Level 
FO-F5 = 0; at CF 


(Gain at CF Referred to AG, 
54 
53 
52 
51 
SO 
Vout = lVp-p 
0 
0 
0 
0 
1 
-1.4 
-2.4 
-3.4 
dB 


0 
0 
0 
1 
0 
-0.9 
-1.9 
-2.9 
dB 


0 
0 
1 
0 
0 
-0.0 
-0.9 
-1.9 
dB 


0 
1 
0 
0 
0 
-0.2 
0.8 
1.8 
dB 


1 
0 
0 
0 
0 
2.4 
3.4 
4.4 
dB 


1 
1 
1 
1 
1 
5.9 
6.9 
7.9 
dB 


GD 
Diff Group 
Delay 
Fref = 5.0MHz, 
FO-F5 = 0 
-1 
+1 
ns 


HD 
Harmonic 
Distortion 
FO-F5 = 0, 
Second and Third 
related 
Vout = 1.5Vp-p, 
Fin = 9.0MHz 


to Fundamental 
SO-54 = 0 (no slimming) 
-45 
dB 
SO-54 = 1 (full slimming) 
-40 
dB 


ICN 
Idle Channel 
Noise 
FO-F5 = 0, VOLP 


(VIN = 0, DC - 78MHz) 
SO-54 = 0 (no slimming) 
2 
mVrms 


SO-54 = 1 (full slimming) 
6 
mVrms 


DR 
Dynamic 
Range 
FO-F5 = 0, Fin = 13.5MHz 


(5ignal/(Noise 
+ Distor)) 
SO-54 = 0 (no slimming) 
-41 
dB 
Signal = 1Vp-p 
SO-54 = 1 (full slimming) 
-35 
dB 


P5RR 
Power Supply 
Rejection 
100mVp-p 
sinewave 
on Vcc 


FO-F5 = 0, SO-54 = 0, Vin = 0 
Fin = 1.0MHz 
40 
dB 


Fin = 40MHz 
30 
dB 


DELP HI 
Phase Shift between 
LP 
All F's and 5's = 0 
and HP Output 
Vin = 1Vp-p, 
Fin = 9.0MHz 
88 
90 
92 
Degree 


VIP 
Input Signal Monotonicity 
All F's and 5's = 0, (VINP - VINM) 
Fin = 9.0MHz 
1 
2 
Vp-p 


RID 
Differential 
Input Resistance 
VIN = 1OOmVp-p at 6.7MHz 
1.3 
2 
3 
Kohms 


C1D 
Differential 
Input Capacitance 
VIN = 1OOmVp-p at 6.7MHz 
5 
pF 


ZIC 
Common-mode 
Input Impedence 
1 
Kohms 


RPD 
Recovery 
from Pwr Dn 
Auto Zero function 
OFF 
10 
fJs 
Auto Zero function 
ON 
TBD 


V05 
Output 
Offset Voltage 
Differential 
VOLP or VOHP 


Auto Zero ON (SO-54 = 0 or 1) 
20 
mV 
Auto Zero OFF (SO-54 = 0) 
300 
mV 
Auto Zero OFF (SO-54 = 1) 
TBD 
mV 
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ROD 
Output 
Resistance 
Differential 
VIN = 0; at 6.7MHz 
5 
Ohms 


COD 
Output 
Capacitance 
Differential 
VIN = 0; at 6.7 MHz 
8 
pF 


ROC 
Output 
Resistance 
Common 
mode 
Common 
Mode 
VIN = 0; at 6.7MHz 
5 
Ohms 


COC 
Output 
Capacitance 
Common 
mode 
Common 
Mode 
VIN = 0; at 6.7MHz 
15 
pF 


ClSE 
load 
Capacitance 
VOlP; 
RBl = 750 ohms 
50 
pF 
VOHP; 
RB2 = 750 ohms 
50 
pF 


RlSE 
load 
Resistance 
VOlP 
400 
Ohms 
VOHP 
400 
Ohms 


RlOZ 
Input Resistance 
Diff; 
PD and/or 
RW bit = 1 
350 
Ohms 


lOB 
Output 
Buffer Bias Current 
VOlP 
or VOHP, 
VOlM 
or VOHM 
1 
1.4 
mA 


losc 
Short Circuit 
Output 
Current 
VOlP 
or VOHP, 
VOlM 
or VOHM 
50 
100 
mA 


SBA 
Stopband 
Attenuation 
SO= 0 at 2CF 
TBD 
dB 


INTRODUCTION 


Many of the high-frequency 
continuous-time 
filters have 
principally 
utilized 
a basic integrator consisting of a 
transconductance 
stage driving a passive integrating 


capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive 
output nodes of the 
integrator. This type of transconductance 
stage also often 


has low open-circuit 
voltage gain, resulting in limited 


practical Q range in the filter. The use of an active 
parasitic-insensitive 
integrator, has generally been avoided 


in these filters because of the additional 
excess phase that 


the amplifier 
contributes. 


The ML6005 
is a continuous-time 
filter based on a 
transconductor 
and a high-speed parasitic free active 
integrator, allowing 
complete 
independence 
of the filter 


response from interconnect 
parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling 
the excess phase contributed 
by the hi-speed 


BiCMOS amplifier 
allows this filter to achieve 
reproducible 
responses at 13.5 MHz filter bandwidth 
in a 
1.5fJ/4GHz BiCMOS process. This active integrator 
incorporates 
a novel technique 
for setting the 
transconductance 
Gm value as a function 
of an external 


precision resistor, independent 
of temperature, 
supply, in 


conjunction 
with a wafer-sort trim technique 
to adjust 


capacitor 
process tolerances, thus eliminating 
the need for 


an on-chip 
PLL for tuning. 


The ML6005 filter consists of a 6th order Bessel low-pass 
and a 2nd order cosine equalizer 
stage. It is made up of 


three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group- 
delay characteristics. 
The corner frequency 
is digitally 


programmable 
to 64 values over a 4 to 1 range, through 


the serial microprocessor 
interface. This is accomplished 


internally 
by changing the integrating capacitor value. 


Slimming equalization 
is done by digitally 
programming 


two real-symmetric 
zeroes, through the serial 
microprocessor 
interface. This boosts the high frequency 


response in 32 steps from 0 to 10 dB. 


In a typical application, 
the ML6005 
is used together with 
a pulse detector such as the ML541, ML4041 or the 
ML8464, 
making up a section of the AGC loop. Thus, the 
output of the AGC amplifier 
is AC coupled to the ML6005 


input and the output of the ML6005 
is AC coupled 
not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6005 
provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated 
lowpass outputs. The ML6005 
input and 
output common 
mode voltage biases are generated on- 
chip. The ML6005 consists of an input common 
bias 
circuit, 
a programmable 
continuous 
type equalizer 
filter 
with normal and differentiated 
lowpass outputs, followed 


by output buffers, and a high speed serial microprocessor 
interface. The ML6005 
processes only differential 
input 
signals, common 
mode inputs are rejected. The output 


should also be taken differentially 
in order to obtain the 


best performance. 


The input common 
mode bias consists of two resistors as 
shown in the block diagram, and a buffer which 
biases the 
center point with a well defined voltage required by the 
internal circuitry. 
These resistors are 1000 Ohms each and 


together with the external coupling 
capacitor 
define the 


lower corner frequency of the transfer function. 
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Ml6005 


EQUALIZER FILTER 
TABLE 1: TABLE OF SLIMMING 
LEVEL 


The filter transfer function 
is composed of a second order 
PROGRAMMING 
VALUES 


numerator and a sixth order denominator. 
The low 
GAIN 
AT 
STEPS 


frequency 
attenuation 
is set internally 
to OdB. The 
S4 
S3 
S2 
Sl 
SO 
K 
Fc (dB) 
(dB) 


numerator realizes two zeros symmetrical 
symmetrical 
to 
0 
0 
0 
0 
0 
0 
- 3.0 
the imaginary axis, one in the left and the other in the 
0 
0 
0 
0 
1 
1 
-2.4 
0.6 
right half plane. The location of the zeros is 
0 
0 
0 
1 
0 
2 
- 1.9 
0.5 
programmable. 
This realizes a digitally 
programmable 
0 
0 
0 
1 
1 
3 
- 1.4 
0.5 
pulse slimming 
function 
in order to overcome 
intersymbol 


interference and thus contribute 
to increasing bit density. 
0 
0 
1 
0 
0 
4 
- 0.9 
0.5 


The slimming 
level is controlled 
by 5 bits in the control 
0 
0 
1 
0 
1 
5 
-0.4 
0.5 
register, thus providing 
32 different choices between 0 to 
0 
0 
1 
1 
0 
6 
- 0.0 
0.4 
10 dB. The denominator 
approximately 
realizes a 
0 
0 
1 
1 
1 
7 
0.4 
0.4 
maximally 
flat group delay (Bessel) function 
with a 
0 
1 
0 
0 
0 
8 
0.8 
0.4 
digitally 
programmable 
corner frequency controlled 
by 6 
bits in the control 
register, thus providing 
64 different 
0 
1 
0 
0 
1 
9 
1.2 
0.4 


cutoff frequencies. 
0 
1 
0 
1 
0 
10 
1.5 
0.3 


SLIMMING 
LEVEL 
0 
1 
0 
1 
1 
11 
1.9 
0.4 


0 
1 
1 
0 
0 
12 
2.2 
0.3 
The slimming 
levels generated by the slimming 
bits are 
0 
1 
1 
0 
1 
13 
2.5 
0.3 
shown below. There are 5 bits of control, 
50 - 54. The 
0 
1 
1 
1 
0 
14 
2.8 
0.3 
typical 
gain of the equalizer 
at the cutoff frequency 
is 
shown in the table below. The gain at fc in dB is also 
0 
1 
1 
1 
1 
15 
3.1 
0.3 


given by the formula: 
1 
0 
0 
0 
0 
16 
3.4 
0.3 


Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 
1 
0 
0 
0 
1 
17 
3.7 
0.3 


1 
0 
0 
1 
0 
18 
4.0 
0.3 
where K = 0, 1, ... 
31 
1 
0 
0 
1 
1 
19 
4.2 
0.2 


CUTOFF FREQUENCY 
1 
0 
1 
0 
0 
20 
4.5 
0.3 


There are 6 bits in the control 
register that controls the 
1 
0 
1 
0 
1 
21 
4.7 
0.2 


position of the cutoff frequency, FO- F5. The typical 
1 
0 
1 
1 
0 
22 
5.0 
0.3 
values of the cutoff (-3dB) frequency are shown in the 
1 
0 
1 
1 
1 
23 
5.2 
0.2 
table below for the case when 50 - 54=0 (no slimming). 
1 
1 
0 
0 
0 
24 
5.4 
0.2 
There are a total of 64 frequencies available from 
1 
1 
0 
0 
1 
25 
5.7 
0.3 
13.5MHz 
down to 3.13MHz. 
Bits F1 - F5 will select one 
of 32 frequency settings in a monotonic 
fashion. Bit FOis 
1 
1 
0 
1 
0 
26 
5.9 
0.2 


used to shift the whole frequency setting range by 5% 
1 
1 
0 
1 
1 
27 
6.1 
0.2 
lower than each of the 32 settings given by F1 - F5. This 
1 
1 
1 
0 
0 
28 
6.3 
0.2 
offers a scheme to increase the effective resolution of the 
1 
1 
1 
0 
1 
29 
6.5 
0.2 
cutoff frequency 
programmability. 
This feature is specially 
1 
1 
1 
1 
0 
30 
6.7 
0.2 
useful in the higher frequency 
range, where the 
granularity 
is coarse. 
1 
1 
1 
1 
1 
31 
6.9 
0.2 


For example: 
Cutoff frequency = 12.27 MHz with (F5 - F1, FO)= 
By setting FO= 0, 
(00001, 0) Delta = 0.55 MHz 


Cutoff frequency = 13.50 MHz with F5 - F1 = 00000 and 
Hence frequency delta between consecutive 
settings is 


Cutoff frequency 
= 12.27 MHz with F5 - F1 = 00001, the 
lower, thus higher resolution. 


next consecutive 
setting. 
In the table 2 below, the cutoff frequencies are shown as 


Frequency delta between consecutive 
settings = 1.23 
two columns depending 
on the FObit being zero or one. 


MHz or about 9% of 13.50 MHz. 
The monotonicity 
is guaranteed within 
the individual 
frequency columns, 
however because of the limitations 
of 
By setting FO= 1, we can shift the consecutive 
cutoff 
the 5% frequency circuitry, 
the monotonicity 
between the 
frequency settings as follows: 
two columns cannot be guaranteed. This is especially 


Cutoff frequency 
= 13.50 MHz with (F5 - F1, FO)= 
significant 
at the lower end of the frequency 
range, where 


(00000,0) 
the difference 
in frequencies between the two column 
settings becomes very close 
« 
1%). Further tuning of the 
Cutoff frequency = 12.82 MHz with (F5 - F1, FO)= 
cutoff frequency down to the 1 to 10% range can be 
(00000, 1) Delta = 0.68 MHz 
achieved by modifying 
the value of the external resistor 
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ML6005 


from its ideal 10 Kohms value by 1 to 10%, which 
shifts 
SERIAL MICROPROCESSOR 
INTERFACE 


the whole response. Larger changes are not recommended 
The serial microprocessor 
interface consists of a simple 
for proper operation 
of the filter. The corner frequency 
is 
three-wire 
serial port. It consists of a fourteen bit serial 
given by the formula outlined 
below: 
shift register with a double bufferred latch for synchronous 


f =(13.5X(I-FOXO.05)xIOKOhmsJMHZ 
and asynchronous 
loading. A timing diagram and the 


control word definition 
are shown below. The 14-bit data 


. e 
[1+O.lxINT(N/2)] 
Rex! 
word present on the SDATA line is serially shifted into the 
register on fall0.g edges of the serial shift clock, SCLK, 


OUTPUT 
BUFFER 
provided the CS pin is active (logical zero). FOshould be 


The output buffer is the final stage of the ML6005 for both 


shifted in first, and F13 (the £2wer-down 
bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
the normal and differentiated 
outputs. This is a fully 
one), SDATA and SCLK are ignored, and the previously 


differential 
buffer with unity gain. Only 1.4 mA of sinking 
shifted information 
is latched at the rising edge of CS 


current is provided 
on chip. More drive can be obtained 
becoming 
inactive (logical one). It is reccommended 
that 


by connecting 
external resistors to ground. The common 
the SCLK input be kept inactive low till such time when it 
mode output voltage is typically 
2V. 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, 
if enabled, minimizes 
the offsets at 


the filter outputs to 20mV. 


TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING 
VALUES IN MHZ 


fe with 
fe with 
fewith 
fe with 
F5 
F4 
F3 
F2 
Fl 
N 
FO= 0 
N 
FO= 1 
F5 
F4 
F3 
F2 
Fl 
N 
FO= 0 
N 
FO= 1 


0 
0 
0 
0 
0 
0 
13.5 
0 
1 
1 
1 
1 
31 
5.13 


0 
0 
0 
0 
0 
12.82 
1 
0 
0 
0 
1 
34 
5.00 


0 
0 
0 
0 
1 
2 
12.27 
1 
0 
0 
0 
0 
33 
4.93 


0 
0 
0 
0 
1 
3 
11.66 
1 
0 
0 
1 
0 
36 
4.82 


0 
0 
0 
1 
0 
4 
11.25 
1 
0 
0 
0 
1 
35 
4.75 


0 
0 
0 
1 
0 
5 
10.69 
1 
0 
0 
1 
1 
38 
4.66 


0 
0 
0 
1 
1 
6 
10.38 
1 
0 
0 
1 
0 
37 
4.58 


0 
0 
0 
1 
1 
7 
9.87 
1 
0 
1 
0 
0 
40 
4.50 
• 


0 
0 
1 
0 
0 
8 
9.64 
1 
0 
0 
1 
1 
39 
4.42 


0 
0 
1 
0 
0 
9 
9.16 
1 
0 
1 
0 
1 
42 
4.35 


0 
0 
1 
0 
1 
10 
9.0 
1 
0 
1 
0 
0 
41 
4.28 


0 
0 
1 
0 
1 
11 
8.55 
1 
0 
1 
1 
0 
44 
4.22 


0 
0 
1 
1 
0 
12 
8.44 
1 
0 
1 
0 
1 
43 
4.14 


0 
0 
1 
1 
0 
13 
8.02 
1 
0 
1 
1 
1 
46 
4.09 


0 
0 
1 
1 
1 
14 
7.94 
1 
0 
1 
1 
0 
45 
4.01 


0 
0 
1 
1 
1 
15 
7.54 
1 
1 
0 
0 
0 
48 
3.97 


0 
1 
0 
0 
0 
16 
7.50 
1 
0 
1 
1 
1 
47 
3.89 


0 
1 
0 
0 
0 
17 
7.13 
1 
1 
0 
0 
1 
50 
3.86 


0 
1 
0 
0 
1 
18 
7.11 
1 
1 
0 
0 
0 
49 
3.77 


0 
1 
0 
0 
1 
19 
6.75 
1 
1 
0 
1 
0 
52 
3.75 


0 
1 
0 
1 
0 
20 
6.75 
1 
1 
0 
0 
1 
51 
3.66 


0 
1 
0 
1 
1 
22 
6.43 
1 
1 
0 
1 
1 
54 
3.65 


0 
1 
0 
1 
0 
21 
6.41 
1 
1 
0 
1 
0 
53 
3.56 


0 
1 
1 
0 
0 
24 
6.14 
1 
1 
1 
0 
0 
56 
3.55 


0 
1 
0 
1 
1 
23 
6.11 
1 
1 
1 
0 
0 
55 
3.47 


0 
1 
1 
0 
1 
26 
5.87 
1 
1 
1 
0 
1 
58 
3.46 


0 
1 
1 
0 
0 
25 
5.83 
1 
1 
1 
0 
0 
57 
3.38 


0 
1 
1 
1 
0 
28 
5.63 
1 
1 
1 
1 
0 
60 
3.38 


0 
1 
1 
0 
1 
27 
5.58 
1 
1 
1 
0 
1 
59 
3.29 


0 
1 
1 
1 
1 
30 
5.40 
1 
1 
1 
1 
1 
62 
3.29 


0 
1 
1 
1 
0 
29 
5.34 
1 
1 
1 
1 
0 
61 
3.21 


1 
0 
0 
0 
0 
32 
5.19 
1 
1 
1 
1 
1 
63 
3.13 


Note: 
N is the decimal value of the cutoff frequency bits (F5 - FO), in the control 


register 
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1_ HOLD 


IH-SDATA 
- 


o~ 


1 = Autozero 
circuitry 
activated 
0= Autczero circuitry inactive 
1 = Chip 
is in power 
down 
mode 
0= Chip 
is fully 
powered 
up 
1 = Write 
data 
mode 
o = Read 
data 
mode 


APPLICATIONS 
C1RCUIT/TEST 
SETUP 


0.0047~F 
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Filter Response (Lowpass Output) 


Shown are the ML6005 
filter response at three different 


cutoff frequency 
(fe) settings. Setting 1 = 3.13 MHz, 2 = 


6.75 MHz and 3 = 13.5 MHz. At each of the fe settings, 
the filter response is shown with no slimming 
(A) and with 


full slimming 
(B) activated. 


REFLEVEL 
40.000nSEC 
40.000nSEC 


IDIV 
1.000nSEC 
1.000nSEC 
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ML6005 Filter/Equalizer group Delay Tracking 


Shown are the curves to demonstrate group delay tracking 
between the lowpass (VOL) and bandpass (VoH) outputs, 
at an fe of 13.5 MHz, with on slimming 
activated (A) and 
full slimming 
activated (B). It can be seen that the group 
delay tracking between the lowpass and bandpass outputs 
is well within 
1 ns. 


REFLEVEL 
-15.000dB 
-15.000dB 


IDIV 
5.000d8 
5.00OdB 
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-25.270dB 
MARKER 3 
385 
752.200Hz 
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Filter Response (Bandpass Output) 


Shown are the ML6005 
filter response at three different 


cutoff frequency (fe) settings. Setting 1 = 3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fe settings, 
the filter response is shown with no slimming 
(A) and with 
full slimming 
(B) activated. 
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~, 


1M 


START 
500 
OOO.OOOHz 


Phase Difference between Lowpass 


and Bandpass Outputs 


Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-900• 
The curve shows that this is within 
1° for a 


frequency 
range of 50 MHz to 10 MHz. 
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ORDERING 
INFORMATION 


PART NUMBER 


ML6005CR 


TEMPERATURE RANGE 


ooe to +70°C 


PACKAGE 


20-Pin 
SSOP (R20) 
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.~Micro Linear 


July 1992 
PRELIMINARY 


36 Mbps Read Channel Filter/Equalizer 


GENERAL 
DESCRIPTION 
FEATURES 


The ML6006 
is a monolithic 
analog filter/equalizer 


intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 36Mbits/s, with 
an operating 
power dissipation 
of less than 350mW. 
Its 


architecture 
consists of a continuous 
type filter based on a 
transconductor 
and a high speed parasitic free active 
integrator, allowing 
complete 
independence 
of the filter 


response from interconnect 
parasitics, thus realizing a 
family of frequency 
response curves optimized 
for disk 


drive read channel equalization. 
It consists of a 
programmable 
6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function 
approximate 
a 


maximally 
flat group delay (Bessel) response, whereas the 


symmetric zeros provide the high-frequency 
boost 


necessary for pulse slimming. 
The user cari independently 


adjust both the corner frequency, as well as the slimming 
level. The desired frequency 
response is programmed 
by a 
14-bit serial input data stream which 
includes one bit for 


power-down, 
one bit for read/write control, 
and one bit 


for auto-zero control. 
The read/write 
control 
is also 
provided 
by a hardware pin. The ML6006 
is well suited 


for constant density recording systems (Zoned-bit 
recording) as well as for constant data rate systems. A 
24 Mbits/s version, ML6005 
is also available. 


• 
6-pole, 2-zero continuous 
time filter with < -45dB 


harmonic distortion 


• 
Disk Data rates up to 36 Mbit/s 


• 
Programmable 
filter cutoff frequency 
(4.3:1 range in 64 steps) 
(fe = 4.69 to 20.25 MHz) 


• 
32 step programmable 
pulse slimming 
equalization, 


o to 1OdB boost at fe. 


• 
Power-down, 
Auto-zero, 
R/W modes programmable 


through bits in the Control Register 


• 
Lowpass output and Differentiated 
Lowpass (Bandpass) 


output provided. 


• 
Fully I/O balanced architecture 
with nUCMOS 
compatible 
interface 


• 
High speed (upto 25M Hz clock) three wire serial 
microprocessor 
interface 


• 
Double buffered data latch for synchronous 
or 


asynchronous 
data loading. 


• 
Single 5V ± 10% power supply 


• 
OCC- 70cC operating temperature 


• 
Available 
in 20-pin SSOP package. 


• 
4 GHz/1.51J BiCMOS process 


• 
Power Dissipation: 
Popr = 350mW, 
Pdn= 7.5mW • 


BLOCK DIAGRAM 


YCCl 
GND 
NC 
YCC2 
(13) 
(4,5,9,11) 
(6,12,16) 
(3) 


YINP(7) 
YOLP (1) 


1000 
OHMS 
LOWPASS 
OUTPUT 
YOLM(2) 


FILTER 
SLIMMER 
BUFFERS 
1000 
YOHP (20) 


OHMS 


YINM(B) 
YOHM(19) 
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20-Pin 
SSOP 


VOLP 
VOHP 


VOLM 
VOHM 


VCC2 
SCLK 


GND 
SDATA 


GDN 
NC 


NC 
CS 


VINP 
R/W 


VINM 
VCCl 


GND 
NC 


REXT 
GND 


TOP VIEW 


PIN# 
NAME 


1 
VOLP 


2 
VOLM 


3 
VCC2 


4,5, 
GND 


9,11 


7 
VINP 


8 
VINM 


10 
REXT 


13 
VCC1 


14 
R;w 


Positive supply for the output 
drivers, 5V ± 10% 


Ground 


A 10K resistor between this pin and 
ground sets the filters corner 
frequency 


Positive supply, 5V ± 10% 


Read/Write 
Control 
pin. A low 
input level allows normal operation 
of the filter in the read mode. A 
high level input puts the filter in the 
write mode, where the input 
impedance 
is lowered to prevent 


the transients generated during 
write to read transitions from 
affecting the filter response. A TIL 
input. Additionally 
a metal mask 
option 
is available to configure this 
pin as either power down enable or 
frequency boost disable 


PIN# 
NAME 
FUNCTION 


15 
CS 
Control 
Register Enable. A logical 


low level allows the SCLK input to 
clock data into the control 
register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information 
to the appropriate 
circuitry. 
A TTL input. 


17 
SDATA 
Control 
Register Data. A TIL input 


18 
SCLK 
Control 
Register Clock. Negative 
edge triggerred control 
register 
clock input. A TIL input. 


19 
VOHM 
Differentiated 
lowpass outputs 


20 
VOHP 


6,12, 
NC 
No Connects, reserved for future 


16 
use. 
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VCC1, VCC2 
+6.5 volts 
VINP, VINM, 
REXT,-C5, SCLK, 


SDATA, -R/W 
GND - 0.3V to VCCl 
+ 0.3V 


VOLP, VOLM, 
VOHP, VOHM 
GND - 0.3V to VCC2 + 0.3V 
Input Current per pin 
± 25 mA 
Package Dissipation 


at Ta = 25°C (Surface Mount) 
1.5 Watts 
Junction Temperature 
+ 150°C 
Storage Temperature 
-65°C to + 150°C 
Lead Temperature (Soldering 10 see) 
260°C 


VCCl 
= VCC2 ....................•..................... 
+ 5 volts ± 10% 


VIN = (VINP-VINM) 
1 Vp-p 
Rext 
10 Kohms 


Serial Clock Frequency (SCLK) 
< 25 MHz 


AC Coupling 
Capacitors 
> 0.0001 fJF 


ELECTRICAL CHARACTERISTICS 
The following 
specifications 
apply over the recommended 
operating conditions, 
unless otherwise stated. Please refer to the 
application/test 
setup digram: 


VCCl 
= VCC2 = 5 volt ± 10%, Ta= DoC to 70°e, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 
Input and Output coupling 
capacitors = 0.0047 fJF 
RBl = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 
RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 
Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, Read/Write bits = 0 
Digital timing measured at l.4V 
midpoint 
Input control signals from 10% - 90% of VCCl 
with (tr = tf) < 5 ns. 


SYMBOL I 
PARAMETER 


DC CHARACTERISTICS 


MAX 
I 
UNITS 


VCC Supply Current 


StandbyCurrent 


RB1 = RB2 = INF 


VIN=O 
• 


VIL 
Low Voltage 
0.8 
V 


VIH 
High Voltage 
2.0 
V 


IIH 
High Current 
1.0 
fJA 


ilL 
low Current 
-1.0 
fJA 


ClN 
Input Current 
S 
pF 


tpw-CS 
Width of CS, High/low 
25 
ns 


tsu-SDATA 
SDATA Setuptime to SClK 
'. 


15 
ns 


twSDATA 
SDATA Hold Time 
5 
ns 


tsu-CS 
CSSetupTime to SClK 
15 
ns 


twCS 
CSHold Time to SClK 
a 
ns 


tpwSClK 
SClK PulseWidth 
20 
ns 


twSClK 
CSInactive to SClK Active 
125 
ns 
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AG 
Absolute 
Gain 
SO-54 = 0, FO-F5 = 0 at 1MHz 
-1.5 
-0.5 
0.5 
dB 


CF 
Cutoff 
Frequency, 
-3dB 
SO-54 = 0, (-3dB slimming) 


(f,ef = 1MHz) 
F5 
F4 
F3 
F2 
Fl 
Fa 
(fc) 


a 
a 
a 
a 
a 
a 
18.23 
20.25 
22.28 
MHz 
a 
0 
a 
a 
a 
1 
17.32 
19.24 
21.16 
MHz 
a 
a 
a 
a 
1 
a 
16.57 
18.41 
20.25 
MHz 
a 
0 
a 
1 
a 
a 
15.19 
16.88 
18.57 
MHz 


a 
0 
1 
a 
a 
a 
13.01 
14.46 
15.91 
MHz 


a 
1 
a 
0 
a 
a 
10.13 
11.25 
12.38 
MHz 


1 
a 
a 
a 
a 
a 
• 
7.01 
7.79 
8.57 
MHz 


1 
1 
1 
1 
1 
1 
4.22 
4.69 
5.16 
MHz 


5L 
Slimming 
Level 
FO-F5 = 0; at CF 


(Gain at CF Referred to AG, 
54 
53 
52 
51 
SO 
Vout = lVp-p 
a 
a 
a 
a 
1 
-1.4 
-2.4 
-3.4 
dB 


a 
a 
a 
1 
a 
-0.9 
-1:9 
-2.9 
dB 


a 
a 
1 
a 
a 
-0.0 
-0.9 
-1.9 
dB 
a 
1 
a 
a 
a 
-0.2 
0.8 
1.8 
dB 


1 
a 
a 
a 
a 
2.4 
3.4 
4.4 
dB 


1 
1 
1 
1 
1 
5.9 
6.9 
7.9 
dB 


GD 
Diff Group 
Delay 
Fref = 7.5MHz, 
FO-F5 = 0 
-1 
+1 
ns 


HD 
Harmonic 
Distortion 
FO-F5 = 0, 
Second and Third 
related 
Vout = 1.5Vp-p, 
Fin = 13.5MHz 
to Fundamental 
SO-54 = 0 (no slimming) 
-45 
dB 


SO-54 = 1 (full slimming) 
-40 
dB 


ICN 
Idle Channel 
Noise 
FO-F5 = 0, VOLP 


(VIN = 0, DC - 78MHz) 
SO-54 = 0 (no slimming) 
2 
mVrms 


SO-54 = 1 (full slimming) 
6 
mVrms 


DR 
Dynamic 
Range 
FO-F5 = 0, Fin = 13.5MHz 


(5ignal!(Noise 
+ Distor)) 
SO-54 = a (no slimming) 
-41 
dB 
(Signal = 1Vp-p) 
SO-54 = 1 (full slimming) 
-35 
dB 


P5RR 
Power Supply 
Rejection 
1OOmVp-p sinewave 
on Vcc 


FO-F5 = 0, SO-54 = 0, Vin = a 
Fin = 1.0MHz 
40 
dB 


Fin = 40MHz 
30 
dB 


DELP HI 
Phase Shift between 
LP 
All F's and 5's = a 
and HP Output 
Vin = lVp-p, 
Fin = 13.5MHz 
88 
90 
92 
Degree 


VIP 
Input Signal Monotonicity 
All F's and 5's = 0, (VINP - VINM) 
Fin = 13.5MHz 
1 
2 
Vp-p 


RID 
Differential 
Input Resistance 
VIN = 100mVp-p 
at 10MHz 
1.3 
2 
3 
Kohms 


CID 
Differential 
Input Capacitance 
VIN = 100mVp-p 
at 10MHz 
5 
pF 


ZIC 
Common-mode 
Input Impedence 
1 
Kohms 


RPD 
Recovery 
from Pwr Dn 
Auto Zero function 
OFF 
10 
fls 


Auto Zero function 
ON 
TBD 


VOS 
Output 
Offset Voltage 
Differential 
VOLP or VOHP 
Auto Zero ON (SO-54 = a or 1) 
20 
mV 


Auto Zero OFF (SO-54 = 0) 
300 
mV 


Auto Zero OFF (SO-54 = 1) 
TBD 
mV 
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ROD 
Output Resistance 
Differential VIN = 0; at lOMHz 
5 
Ohms 


COD 
Output Capacitance 
Differential VIN = 0; at 10 MHz 
8 
pF 


ROC 
Output Resistance 
Common mode 
Common Mode 
VIN = 0; at lOMHz 
5 
Ohms 


COC 
Output Capacitance 
Common mode 
Common Mode 
VIN = 0; at 10MHz 
15 
pF 


CLSE 
Load Capacitance 
VOLP; RB1= 750 ohms 
50 
pF 
VOHP; RB2= 750 ohms 
50 
pF 


RLSE 
Load Resistance 
VOLP 
400 
Ohms 
VOHP 
400 
Ohms 


RLOZ 
Input Resistance 
Diff; PD and/or RW bit = 1 
350 
Ohms 


lOB 
Output Buffer BiasCurrent 
VOLP or VOHP, VOLM or VOHM 
1 
1.4 
mA 


losc 
ShortCircuit Output Current 
VOLP or VOHP, VOLM or VOHM 
50 
100 
mA 


SBA 
StopbandAttenuation 
SO= 0 at 2CF 
TBD 
dB 


INTRODUCTION 


Many of the high-frequency 
continuous-time 
filters have 
principally 
utilized 
a basic integrator consisting of a 
transconductance 
stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive 
output nodes of the 
integrator. This type of transconductance 
stage also often 


has low open-circuit 
voltage gain, resulting in limited 


practical Q range in the filter. The use of an active 
parasitic-insensitive 
integrator, has generally been avoided 
in these filters because of the additional 
excess phase that 


the amplifier 
contributes. 


The ML6006 
is a continuous-time 
filter based on a 
transconductor 
and a high-speed parasitic free active 


integrator, allowing 
complete 
independence 
of the filter 


response from interconnect 
parasitics and a very wide 
range of realizable 
filter Q. A unique approach to 
cancelling 
the excess phase contributed 
by the hi-speed 
BiCMOS amplifier 
allows this filter to achieve 
reproducible 
responses at 20 MHz filter bandwidth 
in a 
1.SfJ/4GHz BiCMOS process. This active integrator 
incorporates 
a novel technique 
for setting the 


transconductance 
Gm value as a function 
of an external 


precision resistor, independent 
of temperature, 
supply, in 


conjunction 
with a wafer-sort trim technique 
to adjust 


capacitor 
process tolerances, thus eliminating 
the need for 


an on-chip 
PLL for tuning. 


The ML6006 filter consists of a 6th order Bessel low-pass 
and a 2nd order cosine equalizer 
stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group- 
delay characteristics. 
The corner frequency 
is digitally 


programmable 
to 64 values over a 4 to 1 range, thro~gh 


the serial microprocessor 
interface. This is accomplished 
internally 
by changing the integrating capacitor 
value. 


Slimming equalization 
is done by digitally 
programming 
two real-symmetric 
zeroes, through the serial 


microprocessor 
interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. 


In a typical application, 
the ML6006 
is used together with 
a pulse detector such as the MLS41, ML4041 
or the 
ML8464 
, making up a section of the AGC loop. Thus, the 
output of the AGC amplifier 
is AC coupled to the ML6006 


input and the output of the ML6006 
is AC coupled 
not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6006 
provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated 
lowpass outputs. The ML6006 
input and 
output common 
mode voltage biases are generated on- 
chip. The ML600S consists of an input common 
bias 
circuit, 
a programmable 
continuous 
type equalizer 
filter 
with normal and differentiated 
lowpass outputs, followed 


by output buffers, and a high speed serial microprocessor 
interface. The ML600S processes only differential 
input 
signals, common 
mode inputs are rejected. The output 
should also be taken differentially 
in order to obtain the 


best performance. 


The input common 
mode bias consists of two resistors as 
shown in the block diagram, and a buffer which 
biases the 
center point with a well defined voltage required by the 
internal circuitry. 
These resistors are 1000 Ohms each and 


together with the external coupling 
capacitor 
define the 


lower corner frequency of ~hetransfer function. 
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frequency attenuation 
is set internally 
to OdB. The 
54 
53 
52 
51 
50 
K 
Fc (DB) 
(DB) 


numerator realizes two zeros symmetrical 
symmetrical 
to 
0 
0 
0 
0 
0 
0 
- 3.0 
the imaginary 
axis, one in the left and the other in the 
0 
0 
0 
0 
1 
1 
-2.4 
0.6 
right half plane. The location of the zeros is 
0 
0 
0 
1 
0 
2 
- 1.9 
0.5 
programmable. 
This realizes a digitally 
programmable 
0 
0 
0 
1 
1 
3 
- 1.4 
0.5 
pulse slimming 
function 
in order to overcome intersymbol 


interference and thus contribute 
to increasing bit density. 
0 
0 
1 
0 
0 
4 
- 0.9 
0.5 


The slimming 
level is controlled 
by 5 bits in the control 
0 
0 
1 
a 
1 
5 
- 0.4 
0.5 
register, thus providing 
32 different choices between 0 to 
a 
a 
1 
1 
a 
6 
- 0.0 
0.4 
10 dB. The denominator 
approximately 
realizes a 
a 
a 
1 
1 
1 
7 
0.4 
0.4 
maximally 
flat group delay (Bessel) function 
with a 
a 
1 
a 
a 
a 
8 
0.8 
0.4 
digitally 
programmable 
corner frequency controlled 
by 6 
bits in the control 
register, thus providing 
64 different 
a 
1 
a 
0 
1 
9 
1.2 
0.4 


cutoff frequencies. 
a 
1 
0 
1 
a 
10 
1.5 
0.3 


SLIMMING 
LEVEL 
a 
1 
0 
1 
1 
11 
1.9 
0.4 


a 
1 
1 
a 
a 
12 
2.2 
0.3 
The slimming 
levels generated by the slimming 
bits are 
a 
1 
1 
a 
1 
13 
2.5 
0.3 
shown below. There are 5 bits of control, 
50 - 54. The 
a 
1 
1 
1 
a 
14 
2.8 
0.3 
typical gain of the equalizer 
at the cutoff frequency 
is 
shown in the table below. The gain at fc in dB is also 
a 
1 
1 
1 
1 
15 
3.1 
0.3 


given by the formula: 
1 
a 
a 
a 
0 
16 
3.4 
0.3 


Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 
1 
a 
a 
0 
1 
17 
3.7 
0.3 


1 
a 
a 
1 
a 
18 
4.0 
0.3 
where K = 0, 1, ... 
31 
1 
a 
a 
1 
1 
19 
4.2 
0.2 


CUTOFF FREQUENCY 
1 
a 
1 
a 
a 
20 
4.5 
0.3 


There are 6 bits in the control 
register that controls the 
1 
a 
1 
0 
1 
21 
4.7 
0.2 


position of the cutoff frequency, FO- F5. The typical 
1 
a 
1 
1 
a 
22 
5.0 
0.3 
values of the cutoff (-3d B) frequency are shown in the 
1 
a 
1 
1 
1 
23 
5.2 
0.2 
table below for the case when 50 - 54=0 (no slimming). 
1 
1 
a 
0 
0 
24 
5.4 
0.2 
There are a total of 64 frequencies available from 
1 
1 
a 
0 
1 
25 
5.7 
0.3 
20.25MHz 
down to 4.69MHz. 
Bits Fl - F5 will select one 
of 32 frequency settings in a monotonic 
fashion. Bit FOis 
1 
1 
0 
1 
a 
26 
5.9 
0.2 


used to shift the whole frequency setting range by 5% 
1 
1 
0 
1 
1 
27 
6.1 
0.2 
lower than each of the 32 settings given by Fl - F5. This 
1 
1 
1 
a 
a 
28 
6.3 
0.2 
offers a scheme to increase the effective resolution of the 
1 
1 
1 
a 
1 
29 
6.5 
0.2 
cutoff frequency 
programmability. 
This feature is specially 
1 
1 
1 
1 
a 
30 
6.7 
0.2 
useful in the higher frequency range, where the 
granularity 
is coarse. 
1 
1 
1 
1 
1 
31 
6.9 
0.2 


For example: 


Cutoff frequency = 18.41 MHz with (F5 - Fl, FO)= 
By setting FO= 0, 
(00001, 0) Delta = 0.83 MHz 


Cutoff frequency 
= 20.25 MHz with F5 - Fl = 00000 and 
Hence frequency delta between consecutive 
settings is 


Cutoff frequency 
= 18.41 MHz with F5 - Fl = 00001, the 
lower, thus higher resolution. 


next consecutive 
setting. 
In the table 2 below, the cutoff frequencies are shown as 


Frequency delta between consecutive 
settings = 1.84 
two columns depending 
on the FObit being zero or one. 


MHz or about 9% of 20.25 MHz. 
The monotonicity 
is guaranteed within 
the individual 
frequency columns, 
however because of the limitations 
of 
By setting FO= 1, we can shift the consecutive 
cutoff 
the 5% frequency circuitry, 
the monotonicity 
between the 
frequency setti ngs as follows: 
two columns cannot be guaranteed. This is especially 


Cutoff frequency = 20.25 MHz with (F5 - Fl, FO)= 
significant 
at the lower end of the frequency 
range, where 


the difference 
in frequencies between the two column 
(00000,0) 
settings becomes very close 
« 
1%). Further tuning of the 
Cutoff frequency 
= 19.24 MHz with (F5 - Fl, FO)= 
cutoff frequency down to the 1 to 10% range can be 
(00000, 1) Delta = 1.01 MHz 
achieved by modifying 
the value of the external resistor 


G~Micro Linear 


Ml6006 


from its ideal 10 Kohms value by 1 to 10%, which 
shifts 
SERIAL MICROPROCESSOR INTERFACE 


the whole 
response. Larger changes are not recommended 
The serial microprocessor 
interface consists of a simple 
for proper operation 
of the filter. The corner frequency 
is 
three-wire 
serial port. It consists of a fourteen bit serial 
given by the formula outlined 
below: 
shift register with a double bufferred latch for synchronous 


f =( 20.2Sx(i -FOxO.OS) x IOKohms 
JMHZ 
and asynchronous 
loading. A timing diagram and the 
control word definition 
are shown below. The 14-bit data 
c 
[1+O.lxINT(N/2)] 
Rext 
word present on the SDATA line is serially shifted into the 
register on falJ.i!!g edges of the serial shift clock, SCLK, 


OUTPUT 
BUFFER 
provided the CS pin is active (logical zero). FOshould be 


The output buffer is the final stage of the ML6006 for both 


shifted in first, and F13 (the Q2wer-down 
bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
the normal and differentiated 
outputs. This is a fully 
one), SDATA and SCLK are ignored, and the previously 
differential 
buffer with unity gain. Only 1.4 mA of sinking 
shifted information 
is latched at the rising edge of CS 
current is provided on chip. More drive can be obtained 
becoming 
inactive (logical one). It is reccommended 
that 
by connecting 
external resistors to ground. The common 
the SCLK input be kept inactive low till such time when it 
mode output voltage is typically 
2V. 
is in use. The SCLK input can run upto speeds of 2S MHz. 
The Autozero function, 
if enabled, minimizes 
the offsets at 


the filter outputs to 20mV. 


TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING 
VALUES IN MHZ 


fc with 
fc with 
fc with 
fc with 


F5 
F4 
F3 
F2 
Fl 
N 
FO= 0 
N 
FO= 1 
F5 
F4 
F3 
F2 
Fl 
N 
FO= 0 
N 
FO= 1 
0 
0 
0 
0 
0 
0 
20.25 
0 
1 
1 
1 
1 
31 
7.70 


0 
0 
0 
0 
0 
19.24 
1 
0 
0 
0 
1 
34 
7.50 


0 
0 
0 
0 
1 
2 
18.41 
1 
0 
0 
0 
0 
33 
7.40 


0 
0 
0 
0 
1 
3 
17.49 
1 
0 
0 
1 
0 
36 
7.23 


0 
0 
0 
1 
0 
4 
16.88 
1 
0 
0 
0 
1 
35 
7.12 


0 
0 
0 
1 
0 
5 
16.03 
1 
0 
0 
1 
1 
38 
6.98 


0 
0 
0 
1 
1 
6 
15.58 
1 
0 
0 
1 
0 
37 
6.87 


0 
0 
0 
1 
1 
7 
14.80 
1 
0 
1 
0 
0 
40 
6.75 
• 


0 
0 
1 
0 
0 
8 
14.46 
1 
0 
0 
1 
1 
39 
6.63 


0 
0 
1 
0 
0 
9 
13.74 
1 
0 
1 
0 
1 
42 
6.53 


0 
0 
1 
0 
1 
10 
13.50 
1 
0 
1 
0 
0 
41 
6.41 


0 
0 
1 
0 
1 
11 
12.83 
1 
0 
1 
1 
0 
44 
6.33 


0 
0 
1 
1 
0 
12 
12.66 
1 
0 
1 
0 
1 
43 
6.21 


0 
0 
1 
1 
0 
13 
12.02 
1 
0 
1 
1 
1 
46 
6.14 
0 
0 
1 
1 
1 
14 
11.91 
1 
0 
1 
1 
0 
45 
6.01 


0 
0 
1 
1 
1 
15 
11.32 
1 
1 
0 
0 
0 
48 
5.96 


0 
1 
0 
0 
0 
16 
11.25 
1 
0 
1 
1 
1 
47 
5.83 
0 
1 
0 
0 
0 
17 
10.69 
1 
1 
0 
0 
1 
50 
5.79 


0 
1 
0 
0 
1 
18 
10.66 
1 
1 
0 
0 
0 
49 
5.66 
0 
1 
0 
0 
1 
19 
10.13 
1 
1 
0 
1 
0 
52 
5.63 
0 
1 
0 
1 
0 
20 
10.13 
1 
1 
0 
0 
1 
51 
5.50 
0 
1 
0 
1 
1 
22 
9.64 
1 
1 
0 
1 
1 
54 
5.47 


0 
1 
0 
1 
0 
21 
9.62 
1 
1 
0 
1 
0 
53 
5.34 
0 
1 
1 
0 
0 
24 
9.20 
1 
1 
1 
0 
0 
56 
5.33 


0 
1 
0 
1 
1 
23 
9.16 
1 
1 
1 
0 
0 
55 
5.20 
0 
1 
1 
0 
1 
26 
8.80 
1 
1 
1 
0 
1 
58 
5.19 
0 
1 
1 
0 
0 
25 
8.74 
1 
1 
1 
0 
0 
57 
5.06 
0 
1 
1 
1 
0 
28 
8.44 
1 
1 
1 
1 
0 
60 
5.06 
0 
1 
1 
0 
1 
27 
8.36 
1 
1 
1 
0 
1 
59 
4.93 
0 
1 
1 
1 
1 
30 
8.10 
1 
1 
1 
1 
1 
62 
4.94 


0 
1 
1 
1 
0 
29 
8.02 
1 
1 
1 
1 
0 
61 
4.81 


1 
0 
0 
0 
0 
32 
7.79 
1 
1 
1 
1 
1 
63 
4.69 


Note: 
N is the 
decimal 
value 
of the 
cutoff 
frequency 
bits 
(FS - FO), in the 
control 


register 
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5CLK WIDTH 
lpW-SCLK 
-- - 


es HOLD 
lH-es--~- 


~ 
I_SCLK 
HOLD 


lH-SCLK 


1_ HOLD 
tH-SDATA 
- 


o~ 


1 = Autozero 
circuitry 
activated 


0= 
Autozero 
circuitry 
inactive 


, = Chip 
is in power 
down 
mode 
0= Chip is fully powered up 
, = Write 
data 
mode 
o = Read 
data 
mode 


APPLICATIONS 


0.0047~F 
0.0047~F 
o-j 
(7) 
(1) 
I-<> 


750n 
RLOAD 


VIN 
VOL 
(RB1) 
~on) 


0.0047~F 
0.0047~F 
o-j 
(B) 
(2) 
I-<> 


FILTER 


0.0047~F 
< SERIAL~P IfF :> 
(20) 
I-<> 


RLOAD 


VOH 
~on) 


0.0047~F 


(10) 
(19) 
I-<> 


REXT 
100pF 
750n 
(RB2) 
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REFLEVEL 
25.000dB 
25.000dB 


IDIV 
5.000dB 
5.000dB 


MARKER 21 
B48 
415.BOOHz 
MAG (UDF) 
9.617dB 
MARKER 21 
B4B 
415.BOOHz 
MAG (D4) 
-3.166dB 
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Filter Response (Lowpass 04tput) 


Shown are the ML6006 
filter response at three different 


cutoff frequency (fcl settings. At each of the fc settings, the 
filter response is shown with no slimming 
and with full 


slimming 
activated. 


REf lEVEl 
31.000nSEC 
31.000nSEC 


IDIV 
1.000nSEC 
1.000nSEC 


MARKER 20 
33B 
7S0.000Hz 
DElAY (UDF) 
29.593nSEC 
MARKER 20 
33B 
7S0.000Hz 
DELAY (UDF) 
30.446nSEC 


VOl (MIN)- 


V~H(MIIN) 
"" 


\ 
~ 
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~ ~ 
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D' 


VOl (MAX)- '/ 
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ML6006 Filter/Equalizer Group Delay Tracking 


Shown are the curves to demonstrate group delay tracking 
between the lowpass (VOL) and bandpass (VoH) outputs, 
with no slimming 
activated (min) and full slimming 


activated (max). It can be seen that the group delay 
tracking between the lowpass and bandpass outputs is 
well within 
1 ns. 


REFlEVEl 
lS.000dB 
lS.000dB 


IDIV 
S.OOOdB 
5.000dB 


MARKER 20 
391 
123.200Hz 
MAG (UDF) 
9.3BOB 
MARKER 20 
391 
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Filter Response (Lowpass and Bandpass Outputs) 


Shown are the ML6006 filter characteristic 
curves for the 


lowpass and bandpass outputs, with no slimming 
and full 
slimming 
activated. 
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1M 


START sou 
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Phase Difference between Lowpass 
and Bandpass Outputs 


Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
_90°. The curve shows that this is within 
1° for a 
frequency 
range of 50 MHz to 10 MHz. 
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PART NUMBER 


ML6005CR 


TEMPERATURE RANGE 


O°C to +70°C 


PACKAGE 


20-Pin 550P 
(R20) 


~~Micro 
Linear 


48 Mbps Read Channel Filter/Equalizer 


The ML6007 
is a monolithic 
analog filter/equalizer 


intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 48Mbits/s, with 
an operating 
power dissipation 
of less than 400mW. 
Its 
architecture 
consists of a continuous 
type filter based on a 
transconductor 
and a high speed parasitic free active 
integrator, allowing 
complete 
independence 
of the filter 
response from interconnect 
parasitics, thus realizing a 
family of frequency 
response curves optimized 
for disk 


drive read channel equalization. 
It consists of a 
programmable 
6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function 
approximate 
a 
maximally 
flat group delay (modified 
Bessel type) 
response, whereas the symmetric zeros provide the high- 
frequency 
boost· necessary for pulse slimming. 
The user 


can independently 
adjust both the corner frequency, as 
well as the slimming 
level. The desired frequency 
response is programmed 
by a 14-bit serial input data 
stream which 
includes one bit for power-down, 
one bit for 


read/write 
control, 
and one bit for auto-zero control. 
Real- 


time power down control 
is provided 
by a hardware pin. 
Metal mask options are available to configure this pin to 
realize Read/Write or Slimmer disable functions. 
The 
ML6007 
is well suited for constant density recording 
systems (Zoned-bit 
recording) as well as for constant data 
rate systems. 


• 
6-pole, 2-zero continuous 
time filter with < -4SdB 


harmonic distortion 


• 
Disk Data rates up to 48 Mbit/s 


• 
Programmable 
filter cutoff frequency 
(2.8:1 range in 64 steps) 
(fe = 9.37 to 27 MHz) 


• 
32 step programmable 
pulse slimming 
equalization, 


o to 1OdB boost at fe. 


• 
Power-down, 
Auto-Zero, 
R/W modes programmable 


through bits in the Control 
Register 


• 
Lowpass output and Differentiated 
Lowpass (Bandpass) 
output provided. 


• 
Fully I/O balanced architecture 
with TTUCMOS 
compatible 
interface 


• 
High speed (upto 2SMHz clock) three wire serial 
microprocessor 
interface 


• 
Double buffered data latch for synchronous 
or 
asynchronous 
data loading. 


• 
Single SV ± 10% power supply 


• 
Available 
in 20-pin SSOP package . 


• 
4 GHz/1.SfJ BiCMOS process 


• 
Power Dissipation: 
Popr= 400mW, 
Pdn= 10mW • 


1000 
OHMS 


1000 
OHMS 


VCC2 


(3) 


VOLP(l) 


OUTPUT 
VOLM (2) 


SLIMMER 
BUFFERS 
VOHP (20) 


VOHM(19) 


Auto 
Zero 
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20-Pin SSOP 


VOlP 
VOHP 


VOlM 
VOHM 


VCO 
SClK 


GND 
SDATA 


GND 
NC 


NC 
cs 


VINP 
PDN 


VINM 
VCCl 


GND 
NC 


REXT 
GND 


TOP VIEW 


PIN# 
NAME 
FUNCTION 


1 
VOLP 
Normal 
Lowpass outputs 
2 
VOLM 


3 
VCC2 
Positive supply for the output 
drivers, 5V ± 10% 


4,5, 
GND 
Ground 
9,11 


7 
VINP 
Signal Inputs 
8 
VINM 


10 
REXT 
A 10K resistor between this pin and 
ground sets the filters corner 
frequency 


13 
VCC1 
Positive supply, 5V ± 10% 


14 
PDN 
Power Down Control 
pin. A low 
level input allows normal operation 
of the filter. A high level input puts 
the filter in the power down mode, 
a TTL input. Additionally 
a metal 


mask option 
is available to 
configure 
this pin as either READ/ 


WRITE or FREQUENCY BOOST 
DISABLE. 


PIN# 
NAME 
FUNCTION 


15 
CS 
Control 
Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control 
register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information 
to the appropriate 
circuitry. 
A TTL input. 


17 
SDATA 
Control 
Register Data. A TTL input 


18 
SCLK 
Control 
Register Clock. Negative 
edge triggerred control 
register 
clock input. A TTL input. 


19 
VOHM 
Differentiated 
lowpass outputs 
20 
VOHP 


6,12, 
NC 
No Connects, reserved for future 
16 
use. 
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Micro Linear 


Dave McKay 
Ram Gopalan 
ML600X - Filter/Equalizer 
Eval Board 


The ML6005/6 
eval board provides a vehicle to 
conveniently 
evaluate the ML6005/6 
Filter/Equalizer 


chips, intended for hard disk read channel applications. 
Detailed specifications 
of the part can be found in the 
ML6005/6 
data sheet. The eval board consists of three 
BNC connectors 
for the input signal to the filter, the 
normal lowpass filter output and the differentiated 
bandpass output. The programming 
of the filter is 


accomplished 
with an interface to an IBM PC through the 


standard parallel printer port. An executable 
program is 
provided, 
which 
provides the user interface to program 
the various parameters of the filter, through this parallel 
port interface. 


2.0 EVALUATION BOARD 
DESCRIPTION & SETUP 


The filter response from the demo board can be evaluated 
with the help of a network analyzer (NA). Refer to a 
detailed schematic of the board attached. The demo board 
has one analog input and two analog outputs. The BNC 
from the SOURCE output of the NA is connected 
to the 
input BNC, V1N, of the demo board, which 
drives the one- 


to-one input transformer. The output side of the input path 
transformer 
is terminated with son to match the SOURCE, 
and is AC coupled to the input of the ML6005/6. 
The 


input of the ML6005/6 
has an impedance of 100012 so the 
input corner frequency, with C = 0.0047J.lF, is 33.8kHz. 


Both the outputs from the ML6005/6, 
the normal lowpass 


output and the differentiated 
bandpass output, are 
handled in the same way. Consider the 10w-pass,VQL 
path. The plus and minus outputs are both biased by 
75012 and are then AC coupled to 100012 resistors in 
series with the transformer 
inputs. 


The output side of the transformer goes directly to the NA 
where it is terminated 
by son. The 100012 resistors in 


series with the transformer 
inputs results in an attenuation, 
since the transformer 
reflects the NA son load back to the 
input side; 1/2 of the son is in the plus-side circuit and 
1/2 is in the minus-side circuit so the attenuation 
is 


25/(1025) = 1/41 (-32.26dB). The NA gain/attenuation 
setting has to take this into account. This is for 
normalization 
and does not effect the shape of the 
frequency 
response curve. The eval board output coupling 


capacitors are 0.0047J.lF and therefore each has a break 
point with its 100012 series resistor at 33.8kHz, 
the same 


as the corner frequency of the input coupling 
capacitors. 


The corner frequency and boost of the ML600S/6 
are 


programmable 
through the serial interface. The upper left 


hand corner of the schematic shows the serial interface 
connection. 
As pointed out earlier, the programming 
of 


the ML600S/6 serial interface is done through the parallel 
port of an IBM Pc. The interface program supplied with 
the demo board implements the three wire serial interface 
protocol 
to transmit the 14 control 
bits to the ML6005/6 


internal shift register. The LSB is transmitted 
first. For 


details on the timing relationship 
of the serial interface, 


please refer to the data sheet. CS is a active low signal that 
is asserted before the first data bit is transmitted. 
This 
signals the start of data being clocked 
into the control 
register and is de-asserted after thelast data bit is 
transmitted, which 
latches the data internally. 
SCLK is the 


clock signal of the three wire serial interface and has the 
negative edge active. NOTE: The last active lo~oing 
edge must remain low at least 150ns after the CS signal is 
de-asserted. SDATA is the active high serial data line. 


To start evaluation 
of the ML6005/6 
using the Eval board, 


the following 
equipment 
will 
be required: 


- 
IBM PC-AT (or compatible)with 
640K of RAM, a 


parallel printer port card and a mouse, (with 
a 


math co-processor, not ma'ndatory) 


- 
A parallel printer cable (shielded preferred) with a 
male connector 
on both ends. 


- 
A +5 volt power supply and banana plugs. 


- 
A HP 3577 A Network Analyzer 
(or some other 


analyzer to see the frequency response). 


- 
3 BNC cables, short cables recommended 


- 
ML6005/6 
Eval board and interface program, 
(ver 2.0). 


The socket on the demo board has 24 pins whereas the 
ML6005/6 
is a 20-pin SSOP package. Hence, ensure that 
pin one of the part is justified to pin one of the socket. 
Holding 
the board with the socket lid opening to the right, 


pin one is on the top reft corner of the socket. Set up the 
PC and connect the parallel cable from LPT1 or LPT2 to 
the demo board. Connect the +5V power and ground to 
the demo board with banana jacks. Connect the NA 
output or any other input source to V1N of the demo 
board. Connect the NA inputs to VOL and VOH of the 
demo board . 


• 
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The demo program is provided on a diskette and comes 
with a number of files. It is important that all the files 
reside in the same directory 
that the ".exe" file is executed 
from. Hence follow 
these steps to install the program on 


drive C: 


- 
type A: <enter> 


- 
type INSTALL.BAT <enter> 


The program will be installed on your C: drive and will 
automatically 
start execution. 
If the user quits from the 
program and wishes to restart the demo program again, 
then while 
in the ml600x directory 


- 
type uLDEMO.BAT 
<enter> 


The first screen (refer screen#l 
in attached figure), comes 
up with the Micro 
Linear logo and asks the user to let the 


program know the parallel port selected ( LPTl or LPT2 ) 
and the device under test ( ML6005 or ML6006 ). In 
addition 
the Eval board shows the frequency 
response of a 
6th order Bessel including 
the effect due to the (O.0047IlF) 


input and output coupling 
capacitors. 
It asks the user to 
program the start and stop frequency values for this 
frequency 
response display. NOTE: This ideal Bessel 


response is shown to give a feeling of the frequency 
response. The actual filter response is embellished 
by the 
finer realizations 
in actual silicon 
implementation. 
Having 
done that, click on the run box to get the operating screen 
which 
allows the user to change the parameters of the 
filter, or click on the quit box to end the program 
altogether. 


The main operating screen (refer screen #2 in attached 
figure), allows the entry of three pieces of information; 
the 
mode bits, the boost values and the corner frequency 
values. The mode bits viz. power down, read/write, 
and 


autozero are shown as toggle switches and can be turned 
on or off, as desired, using the mouse. The cutoff 
frequency 
is seen as a sub-window 
in the main dialog 
window. 


This sub-window 
shows the cutoff frequency 
in MHz, the 
6 bit binary value of the cutoff frequency setting in the 
control 
register, and also the decimal value of this setting. 
The slimming 
boost options are seen as another sub- 


window 
in the main dialog window. 
This sub-window 
shows the boost values in dB, the five bit binary value of 
the boost setting in the control 
register, and also the 
decimal 
value of this setting.The values in the sub- 


windows 
can be changed by clicking 
on the up and down 


arrows seen at the edge of the box or if the user cIicks 
once with the cursor inside the sub-window, 
a menu pops 


up showing the various values available for that sub- 
window. 
Keeping the mouse button pressed at the last line 


scrolls the sub-window. 
Moving the mouse one line up, 
with the button pressed, stops the scrolling. 
Move the 
mouse to the desired setting, while keeping the button 
pressed, and release for selecting that setting. In the 
bottom of the dialog box is a sub-window 
showing the 
current programmed 
contents of the control 
register. In 


addition, 
there is a SERIAL SEND box, clicking 
on which, 
sends the programmed 
information, 
over the serial 


interface to the chip. However" if the AUTO SEND box is 
selected, then whenever any of the information 
is updated 
in the dialog window, 
the control 
register is automatically 


updated in a real-time manner. When the user clicks on 
the PLOT box, the frequency 
response is plotted on the 
screen, based on the current control 
register parameters. 


If the AUTO PLOT box is selected, then every time the 
control 
register parameters are updated, the plot on the 
screen is also automatically 
updated. The ERASEbox is 


used to clear the plot on the screen. If the OVERLAY box 
is selected then the multiple 
frequency 
response curves 
are overlayed, 
one on top of the previous one, as long as 
the original 
scale can handle the responses. However 
if 
the most current response plot requires a change of scale 
on the Y-axis, then all the previous plots will 
be erased. 
Hence, if the previous plots need to be retained, even if 
the most current plot needs a different scale, then the 
LOCK GRAF box needs to be selected. 


Clicking 
on the RETURN box, takes the user back to the 
first screen. It should be noted that the frequency 
response 
shown on the screen is an ideal besseI type response, and 
hence is not an 'exact representation 
of the filter transfer 
function 
implemented 
inside the chip. 


4.0 SAMPLE EVALUATION 
EXPERIMENTS 


Caution: 
Before running any tests on the eval board 
using the Network 
Analyzer, 
be sure to normalize 
it for 


its own internal 
phase errors. 


Normalization 
on the HP network analyser is done by 
setting the receiver ADEN 
to 20dB and connecting 
the 
SOURCE via a BNC cable directly 
back to INPUT A. Set 


up the frequency 
range etc. and press TRIGGER to get a 
sweep and then press MEASR CAL. After caliberation 
set 


the receiver ATTEN to OdB. Outlined 
below are some of 
the evaluation 
experiments. 


Put a current meter in series with the demo board's +SV 
power supply and monitor the current in both the power 
down state and the non power down state. This measured 
current includes the drop through the external bias 
resistors. Therefore, to get an accurate value subtract the 
current due to the 7S0n external bias resistors, 
approximately 
1O.7mA, and the SOIlA current due to the 


pull-up 
resistor R9. 


4.2 READ/WRITE CONTROL 
FUNCTION 
TEST 


Set the RW bit on and off in the control 
register and 
measure the input impedance 
in each state. In the read 
mode, with the bit low, the differential 
input impedance 
is 
2k, while 
in the write mode the impedance 
is 3S0n. The 


Read/Write mode can be controlled 
through the serial 
interface or by the switch provided on the eval board 
(optional). The filter provides a clamping 
of the input to 
protect against transients generated during a write to read 
transition. 
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4.3 FREQUENCY RESPONSEMEASUREMENTS 


At maximum 
fe, no slimming 
and full slimming 


At minimum 
fe, no slimming 
and full slimming 


- 
Normal 
lowpass output 
(VOL), refer graph 1 


- 
Differentiated 
Bandpass output ( VOH 
), refer graph 2 


4.4 GROUP DELAY TRACKING 


Tracking between the normal lowpass output 
(VOL) and 


the differentiated 
bandpass output 


(VOH) for both cases of no slimming 
and full slimming. 


Refer to graph 3, showing that the group delay tracking 
is 
within 
1ns within 
the frequency 
range of interest. 


4.5 LOG PHASE 


Phase Difference 
between the normal lowpass output and 
differentiated 
bandpass output. Refer to graph 4, which 
shows that the phase difference 
is actually within 
10 for 


the frequency 
range of 5 to 20MHz. 
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DESCRIPTION 


25 pin D-shell 
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j1 


BNc, 
right angle, female, 


PC mount 


Resistors, metal film 
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. July 1992 


PRELIMINARY 


Integrated Disk Read Channel Processor 


GENERAL 
DESCRIPTION 
FEATURES 


The ML601 0 Integrated Disk Read Channel Processor, 
incorporates 
a pulse detector, two channel gated servo 


peak detectors, a data synchronizer, 
a partial frequency 


synthesizer, a (1,7) RLL encoder/decoder 
and write 


precompensation 
circuitry 
onto a single chip, providing 
a 


complete 
read channel solution for hard disk drive 


subsystems. The chip receives serial NRZ data from the 
disk controller, 
encodes the data into (1,7) RLL code with 


precompensation 
and writes to the disk. In the read mode 


it peak detects preamplified 
read pulses for both data and 


embedded servo information, 
resynchronizes 
the data, 
and decodes the (1,7) RLL data back to NRZ. The chip 
operates at data rates up to 36 Mbits/s with three levels of 
write precompensation, 
set with an external capacitor and 


a pulse detector with less than 1ns of pulse pairing. The 
ML6010 
supports constant density recording 
(COR) 
applications 
with an onboard charge pump and VCO for 


the frequency 
synthesizer and requires an external phase 
detector and M & N dividers to realize a complete 
frequency synthesizer. It is set to interface directly 
to 


ML6005/6 
family of BICMOS filter/equalizer 
chips with 


programmable 
cutoff frequency and pulse slimming 


(equalization) 
capability. 


• 
NRZ data rates up to 36 Mbits/s 


• 
Single +5 volt power supply +/- 5% 


• 
Operating 
power dissipation 
700mW 


• 
Industry standard pulse detector circuitry 
with less than 


1 ns pulse pairing 


• 
Pattern-insensitive 
wide bandwidth 
AGC amplifier 


• 
Two channel gated servo peak detectors for embedded 
servo recovery 


• 
Industry standard fast acquisition 
PLL with zero phase 


start capability 


• 
VCO/Charge 
pump has greater than 3:1 tuning range 


• 
On-board 
frequency synthesizer charge pump and 


VCO for addressing ZBR applications 


• 
Interface to industry' standard channel filtering/ 
equalizer chips likeML6005/6 


• 
Three level Write Data Precompensation 
support 


• 
(1,7) RLL encoding/decoding 
support 


• 
Available 
in a 52 pin QFP package 
• 
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digital gate array for adding user specific functions, 
thus 


allowing 
for customizable 
options of this feature set, 


based on the user requirements. 
Some examples are the 


optional 
servo demod outputs-unbuffered 
A,B,C,D, 
or 


buffered A, Band A-B outputs; a 2,7 RLL Endec instead of 
the 1,7 RLL Endec or maybe implement 
the M & N 


dividers instead of the Endec, digital glue, etc. 


The ML601 0 is fabricated 
in a BiCMOS process (4GHz 


npn ft; 1.51JCMOS) and operates off of a single 5 volt 
supply. The ML601 0 is based on a semi-standard tile array 
(FC3560) with built in uncommitted 
gain stages for the 
flexibility 
of user defined channel pulse detector and/or 
passive differentiator 
or matched delay applications 
and a 
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PIN DESCRIPTION 


PIN# 
NAME 
FUNCTION 
PIN# 
NAME 
FUNCTION 


PEAKB 
A capacitor or a capacitor 
in series 
5 
DISCHG 
TIL input (active high). When this 


with a resistor, connected 
between 
pin is forced to a TIL high, both the 


this pin and GNDA 
functions as 
servo peak detectors are discharged. 
a servo sample and hold for 
6 
VCCDS 
Analog + 5 volt supply for data 
channel B. 


GATES 
synchronizer 
related blocks. 
2 
TIL input (active low). When this 
pin is forced TIL low, servo peak 
7 
CVC01 
Capacitor between this pin and 


detector B is enabled. 
VCCDS sets up the VCO center 
frequency for the data synchronizer. 


3 
PEAKA 
A capacitor or a capacitor 
in 
series with a resistor, connected 
8 
C1NT1 
Coarse input for data synchronizer 


between this pin and GNDA 
loop filter time constant setting. 


functions as a servo sample and 
9 
POUT1 
Data synchronizer's 
charge pump 


hold for channel A. 
output, drives the loop filter input. 


4 
GATEA 
TIL input (active low). When this 
10 
VCOIN1 
Data synchronizer's 
VCO control 
pin is forced TIL low, servo peak 
input, driven by the loop filter 
detector A is enabled. 
output. 
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PIN DESCRIPTION (Continued) 


PIN# 
NAME 
FUNCTION 
PIN# 
NAME 
FUNCTION 


11 
GNDPLL 
Analog ground for data 
27 
CWPN 
RC network to setup the normal 


synchronizer 
and frequency 
delay time constant for write 
synthesizer. 
precompensation. 


12 
PUP 
Charge pump input for the 
28 
CWPE 
RC network to setup the early delay 


frequency synthesizer (pump up). 
time constant for write 


13 
PDN 
Charge pump input for the 
precompensation. 


frequency synthesizer (pump 
29 
TEST 
Reserved for test purposes. Must be 


down). 
tied to DGND 
for normal operation. 


14 
DGND 
Digital ground. 
30 
VCOIN2 
Fine input for the frequency 


15 
NRZIN 
NRZ write data input from disk 
synthesizer loop filter time constant 


controller. 
This pin can be 
setting. 


connected to the NRZOUT 
pin to 
31 
C1NT2 
Coarse input for frequency 


form a single bi-directional 
NRZ 
synthesizer loop filter time constant 
port if desired. 
setting. 


16 
WCLK 
Write clock input synchronous 
with 
32 
CVC02 
Capacitor between this pin and 


the NRZ Write data input. 
VCCA sets up the VCO center 


17 
WD 
Write precompensated, 
active low 
frequency for the frequency 


(1,7) RLL encoded write data output 
synthesizer PLL. 


to the read/write 
amplifier. 
33 
VCCFS 
Analog +5 volt supply for frequency 


18 
NRZOUT 
NRZ read data output to the disk 
synthesizer. 


controller. 
This pin can be 
34 
CRWD 
Capacitor between this pin and 
connected 
to the NRZIN pin to 
GNDA 
determines the write to read 
form a single bi-directional 
NRZ 
(input clamp) delay time, e.g. a 


port if desired. 
1800 pF capacitor gives a delay • 


19 
RRC 
Read/Reference clock: 
a 
time of 3 us typo 


multiplexed 
clock source used by 
35 
HOLD 
TIL input pin (active low). When 
the disk controller. 
During mode 
this pin is forced low, all the 
change there will 
be no glitches on 
charging and discharging 
pathes on 


this line and no more than two lost 
the CAGC pin are disabled. The 


clock pulses will occur. When Read 
AGC amplifier 
now acts as a fixed 
Gate goes high, RRC synchronized 
gain amp. with the gain determined 


to the NRZ read data will 
be 
by the voltage on the CAGC pin. 


available after 19 read data pulses. 
36 
LEVEL 
Emitter follower 
output, provides 
20 
VCCD 
Digital VCC +5 volts. 
rectified signal level, which 
can be 


21 
VCOCLK1 
An open emitter ECL output for 
used through a resistor divider 
network as a dynamic 
hysteresis 
testing purposes. 
control signal to the hysteresis pin. 


22 
VCO/3 
Divide by three output of the 
37 
HYS 
The voltage applied to this pin 
frequency synthesizer VCO clock 
determines the threshold 
level of 
output. 
the qualification 
channel. 
In a 
23 
DRD 
1/3 cell delayed read data for 
typical application, 
the signal on 
testing purposes. 
this pin is derived from the LEVEL 


24 
RG 
Active high read gate input from the 
pin. 


disk controller. 
This signal is used to 
38 
IN- 
AGC amplifier 
differential 
input, 


select the PLL reference input. 
39 
IN+ 
AC coupled from the R/W amplifier. 


25 
WG 
Active high write gate input from 
Signal range recommended 
15 mV 


the disk controller. 
This signal is 
to 150 mVp-p differential. 


used to enable the write mode. 
40 
GNDA 
Analog ground. 


26 
CWPL 
RC network to setup the late delay 
time constant for write 
precompensation. 
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PIN# 
NAME 
FUNCTION 


41 
OUT- 
AGC amplifier 
differential 
outputs, 
42 
OUT+ 
AC coupled to Ml6005/Ml6006 
filter chip. These pins have a 
current sink capability 
of 2 mA 
typical. 


43 
AGC5ET 
Voltage on this pin sets up the peak 
to peak differential 
voltage at the 
CH+/CH- 
pins when the AGC 
amplifiers 
are settled. 


Vp-p diff @CH+/CH- 
= 4 • (VAGCSET - VCCN2) 


44 
CAGC 
AGC loop capacitor to GNDA. 
lead-lag 
network may be used for 
different loop filter characteristics, 
if 
needed. 


45 
VCCA 
Analog +5 volt supply for pulse 
detector and servo peak detector. 


46 
CH+ 
Gating channel differential 
inputs to 


47 
CH- 
hysteresis comparator, AGC 
fullwave 
rectifier and two-channel 
servo peak detector. These are AC 
coupled from the lowpass output 


DIF+ 
DIF- 


of the Ml6005/Ml6006 
filter/ 


equalizer chip. Peak to Peak 
differential 
signal at these pins are 


determined 
by the DC voltage 
applied to the AGCSET pin. 


Time Channel zero crossing 
comparator 
differential 
inputs. 


These are AC coupled 
from the 


differentiated 
(bandpass) outputs of 


the Ml600X 
filter/equalizer 
chip. 


Pulse detector raw read data output. 
This signal internally 
goes to the 1/3 


cell delay block enroute to the data 
synchronizer. 
This is an ECl output. 


The capacitor 
between this pin and 


the VCCA sets up the raw read data 
pulse width from the pulse detector 
section to the data synchronizer. 


Resistor between this pin and 
VCCDS sets the charging current in 
1/3 cell delay based on data rate 
range. 


DC Supply Voltage (VCCD) 
-0.3 to +7 V 
TIl 
Output 
Voltage (Vout) 
5.5 V 
TIl 
Input Voltage (Vin) 
5.5 V 
Differential 
Input Voltage (Vdif) 
3.0 or -3.0 V 


Analog Inputs 
-0.3 to VCCA + 0.3 V 
Storage Temperature (Tstg) 
-65 to + 150°C 
Maximum 
Junction Temperature (Tjmax) 
125°C 
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DC Supply Voltage (VCCD) 
5 +/- 5% VDC 


DC Supply Voltage (VCCA) 
5 +/- 5% VDC 


Operating 
Temperature Range 
0 to 70°C 


MAX 
I 
UNITS 


AGC 3dB bandwidth 
{Note 1) 
VCAGC = 2V, 
60 
MHz 


VIN(Diff) 
= 15 mVp-p 


Maximum 
AGC gain 
VCAGC = 2V, 
100 
150 
V/V 


VIN(Diff) 
= 15 mVp-p 


Minimum 
AGC gain 
VCAGC = 3.SV, 
5 
10 
V/V 


VIN(Djff) 
= 150 mVp-p 


AGC Control 
Range 
27 
dB 


AGC Control Sensitivity 
37 
dB/V 


Input Signal Range (Differential) 
15 
150 
mV 


Output 
Signal Swing (Differential) 
VCAGC = 2.0V, 
1.5 
2.5 
Vp-p 


VIN(Diff) 
= +/- 100 mVp-p 


Input Voltage 
Noise (Note 1) 
VIN = 0 V 
20 
nV/vHz 


Differential 
Input Resistance 
Read Mode Vin+ 
= 2.575V 
4.5 
6.0 
7.5 
kohm 
Vin- = 2.425 


Differential 
Input Resistance 
Write 
Mode 
Vin+ 
= 2.575V 
200 
300 
400 
ohm 


Vin- = 2.425 


Common 
Mode 
Rejection 
Ratio (Note 1) 
Vin+ 
= Vin- = 100 mV 
45 
dB 


VCAGC= 
2V 


AGC offset ( liP referred) 
VIN+ 
= VIN- = VCCN2 
-4 
4 
mV 


VCAGC 
= 2 V 


Power supply 
Rejection 
Ratio 
VCCA = 5V + 100 mVp-p 
45 
dB 


VCAGC= 
2V, 


AGC output 
common 
mode bias 
VCCA = 5V, Vin+ 
= Vin- 
2.7 
3.0 
V 


AGC capacitor 
bias current 
VCAGC 
= 3.5 V 
1 
20 
fJA 


AGC input offset voltage 
VCAGC=2 
V, Vin+ 
= Vin- 
400 
mV 


AGC output 
sink current 
VCCA = 5V 
1 
2 
3 
mA 


AGC output 
resistance 
Measured 
on OUT +/OUT- 
40 
ohms 


CAGC voltage 
range 
2.2 
3.4 
V 


Clamp 
Off time delay (Note 
1) 
Crwd=1800 
pF, VCAGC=2.0V, 
2 
2.5 
3.0 
fJs 


Vin (diff)=5 
mV 


Clamp 
Propagation 
Delay 
R W (Note 1) 
Crwd=1800 
pF, VCAGC=2.0V, 
15 
100 
ns 
Vin (diff)=5 
mV 


AGCVOS 
vs Gain 
VCAGC=VCC/2 
to VCC/2 + 0.25V 
-400 
400 
mV • 


Input signal range (Note 1) 
2.0 
Vp-p 


Input Bias voltage 
40 
50 
60 
%VCCA 


Input resistance (differential) 
3.75 
5 
6.25 
Kohms 


CAGC Output 
voltage 
@CAGC 
Vin > VAGCSET 
VCCA- 
.8 
V 


RCAGC = lOOK 
VAGCSET = VCCN2 
+ 100mV 


CAGC charge resistance 
Vin > VAGCSET 
300 
ohms 


VAGCSET = VCCN2 
+ 100mV 


CAGC clamped 
voltage 
(CAGCLMPV) 
Vin < VAGCSET 
2.2 
V 


VAGCSET = VCCN2 
+ 100mV 


AGCSET bias current 
VAGCSET = 2.5 V 
1.5 
10 
fJA 


CAGC 
Decay current 
Read, 
VCAGC=VCCA 
4.7 
fJA 


CAGC leak current 
Hold Mode 
0.03 
0.5 
fJA 


VCAGC=CAGCLMPV 
+ O.4V 


Hold 
On & Hold Off time 
1 
fJs 
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Differential 
input signal range (Note 1) 
1.5 
Vp-p 


Differential 
input bias current 
@VCCN2 
20 
fJA 


Diff comparator 
offset voltage 
HYS = OV 
-3.0 
+ 3.0 
mV 


Differentail 
input resistance 
4.5 
6.0 
7.5 
kohms 


Differential 
bias voltage 
, 
40 
50 
60 
%VCCA 


Zero crossing comparator 
gain (Note 1) 
65 
dB 


HYS input signal range (Note 1) 
1.5 
Vp-p 


Peak Hysterisis 
vs HYS voltage 
0.44 
0.5 
0.56 
V 


HYS bias current 
20 
fJA 


LEVEL pin max output 
current 
2 
mA 


LEVEL pin output 
resistance 
130 
ohms 


Internal 
one-shot 
(tpw) 
(Note 1) 
15 
ns 


Pulse Qualification 
one-shot 
(tpw) 
Cos = 47 pF 
35 
nS 


Pulse Detector 
raw data VOH 
CCA-2Vbe 
V 


Pulse Detector 
raw data VOL 
VOH 
- 0.73 
V 


Pulse PairingVdiff=lVp-p 
diff@ 
5 MHz 
0.5 
1.0 
ns 


Phase Detector 
range 
+1- pi 
radians 


Charge pump gain 
VII - VCOINl 
@D5VCC/2 
125 
fJA 


Data Synch NCO max 
CVCOl 
= 10pF 
VCCDS 
108 
MHz 


RG = 1, WG =0, 
VClNTl 
= VCCDS - 1 
VVCOINl 
= VCCDS/2 


Data Synch VCO range 
CVCOl 
= 10pF 
VCCD5 
3:1 
4:1 
RG = 1, WG = 0, 
VCINTl 
= 1V to 4.2V 


Data Synch VCO Course Gain 
CVCOl 
= 10pF 
VCCDS 
300 
Mrad/sN 


RG = 1, WG = 0, 
VClNTl 
= 2V to 2.5V 
VVCOINl 
= VCCDS/2 


Data Sync VCO fine Gain 
CVCOl 
= 10pF 
VCCDS 
TSD 
Mrad/sN 


RG = 1, WG = 0, 
VCINTl 
= VCCDS/2 
VVCOINl 
= 2V to 3V 


PLL jitter specifications 
0.7 
ns 
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Data sync window 
center offset 
l%Tw 
+1-2 
ns 


Maximum 
data rate (1,7 RLL) 
CVC01 
= 10pF 
VCCDS 
28 
36 
Mbits!s 


RG = 1, WG = 0, 


Charge pump gain 
VII - VCOIN2 
@VCCFS/2 
125 
~A 


Freq Synthesizer 
NCO 
max 
CVC02 
= 10pF 
VCCFS 
108 


) 


MHz 


RG = 0, WG = 1, 
VCINT2 
= VCCFS -1 


VVCOIN2 
= VCCFS/2 


Freq Synthesizer 
VCO range 
CVC02 
= 10pF 
VCCFS 
3:1 
4:1 


VClNT2 
= 1V to 4.2V 


Freq Synthesizer 
fine VCO gain 
CVC02 
= 10pF 
VCCFS 
TBD 
Mrad/s/V 
VVCOIN2 
= 2V to 3V 


- 


Freq Synthesizer 
coarse VCO gain 
CVC02 
= 10pF 
VCCFS 
300 
Mrad/s/V 


VClNT2 
= 2V to 2.5V 
VVCOIN2 
= VCCFS/2 
- 


Input signal range (differential) 
(Note 1) 
1.5 
Vp-p 


Servo demod 
voltage 
gain 
2 
V/V 


Offset mismatch 
between 
two chnls 
Vin = 1.5 Vp-p differential 
-20 
+20 
mV 


Output 
leakage current 
(ch disabled) 
GATE NB 
=1, DISCHG=O 
10 
~A 


Servo demod 
discharge 
current 
R = 750 ohms 
650 
~A 
III 


Operating 
power 
dissipation 
750 
1000 
mW 


Write 
Precompensation 
time 
Cwpn=20pF, 
Cwpl=39pF 
2 
ns 


fWCLK = 36 MHz 


Write 
Precompensation 
time 
Cwpn=l 
OOpF, Cwpl=200pF 
20 
ns 


fWCLK 
= 7.2 MHz 
~ 


Input low voltage 
( VIL ) 
-0.3 
0.8 
V 


Input high voltage 
( VIH ) 
2.0 
VCC + 0.3 
V 


Input low current 
( IlL) 
VIL = Oo4V 
004 
mA 


Input high current 
( IIH ) 
VIH = 2.7V 
100 
~A 


Output 
low voltage 
( VOL) 
IOL = 1 mA 
004 
V 


Output 
high voltage 
( VOH 
) 
IOH = -400 ~A 
204 
V 
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functions ass~ciated with the i'i;,plementation 
of disk read 
channel design up to 36 Mbits/s data rates. It incorporates 
a pulse detector, two gated servo peak detectors, a data 
seperator with fast acquisition 
capability, 
the charge pump 


and VCO functions for implementing 
a frequency 
synthesizer, write precompensation 
circuitry 
and a (1,7) 
RLL Endec. It is targeted at one/two 
platter 3 1/2" and high 


capacity 2 1/2" drives, where performance 
and capacity 
requirement 
take priority 
to power requirements, 
although 


the overall power requirements 
are much lower than 
earlier discrete block implementations. 


The Pulse Detector 
section includes a wide bandwidth 


differential 
amplifier 
with automatic 
gain control, 
a 
precision full wave rectifier, time channel and gate 
channel. 
User programmable 
equalization 
or pulse 
slimming, 
and CDR band selection is supported through 


an external filter chip (ML6006). The Pulse detector will 
support pulse pairing specifications 
less than +/- 1ns. 


Two Gated Servo Peak Detectors 
are incorporated 
for 
recovery of embedded servo information. 
Optionally 
it 


can provide buffered (A,B and a position error signal- 
PES)low impedance outputs which 
represent the peak 


detected level of each servo burst. These voltages are 
suitable for digitizing 
by an ND 
converter and processed 


by the controlling 
processor, for head positioning. 


The Data Synchronizer 
incorporates a fast acquisition 


phase lock loop with zero phase start capability 
and a 3:1 


tuning range. Precise decode window 
control 
is 


--_ ..•... __ .- 
--'·'0 
•..,,~•.•••••..•••...•..•••• 
,.... 
•..••••...•••....••..•••.•..••.•••... 
'/-' 
'- •...•, 


delay automatically 
tunes to the synthesized frequency 


depending 
on the zone. The settling time is typically 
less 


than 2 fJswhich 
is well within 
the requirements, 
e.g. for 
36 Mbps data rate with 8 bytes of 3T preamble, and 
1,7RLL code the minimum 
settling time required equals: 


1/36 * 2 * 8 * 8 = 3.55 fJs 


The partial Frequency Synthesizer generates all necessary 
clocks for data encoding 
and synchronizer 
reference. The 
synthesizer requires external logic for the input divider 
(N) 
and feedback divider (M) programming 
and also uses an 
external loop filter, giving the user full control over the 
PLL's dynamics. 


The Endec employs the 2/3 (1,7) RLL code type and 
supports a hard sectored drive implementation. 
After the 


index/sector pulse has been detected, an internal counter 
counts negative transitions of the incoming 
read data 


looking for three consecutive 
"31" pattern. Once detected 


the VCO lock process is established. The Write 
Precompensation 
circuitry, 
provides control of the normal, 
early and late settings. 


The ML601 0 is fabricated 
in a BiCMOS process (4GHz 


npn ft; 1.51JCMOS) and operates off of a single 5 volt 
supply and is based on the FC3560 semi-standard 
array. 


The tile array allows a number of configurable 
features to 


realize a ML601 0 like read channel combo chip, with 
customized 
features and pinout. 
For more information 
on 


the configurable 
options contact the factory. 
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ML84648, ML8464C 


Pulse Detector 


The ML8464 is a Pulse Detector designed for use in 
magnetic disk applications to detect the amplitude 
peaks on the output of the read/write amplifier. These 
signal peaks are caused by flux reversal on the disk 
media, which when connected to the read/write 
amplifier result in an output consisting of a series of 
pulses of alternating polarity. The relative time position 
of these signal peaks is indicated by the leading edge 
of the TIL output pulses. The Pulse Detector 
accurately represents the time position of these peaks. 


The ML8464 contains three major blocks. The amplifier 
block contains a wide bandwidth differential amplifier 
with Automatic Gain Control (AGC) and a precision full 
wave rectifier. The time channel block includes a 
programmable differentiator followed by a bidirectional 
one shot multivibrator. The gate channel block 
includes a differential comparator with programmable 
hysteresis, a D flip-flop and an output bi-directional 
one shot multivibrator. The ML8464C internally 
connects the time channel output to the D flip-flop. 


• Wide differential 
input signal range 20--660 mVp_p 


• TIL compatible 
digital Inputs and Output 
• Externally gain controlled 
input differential 
amplifier 
• Variable hysteresis comparator 
with gating circuitry 


• Differentiator 
with externally programmable 
time 
constants 


• Standard 12V power requirement 
• Available in 24-pin DIP package, or a 28-pin surface 


mount 
PCC 


• Improved 
pulse pairing (±1 ns max.) 


• Handles RLL (1, 7) or (2, 7) data to 24 MB/s 


ML84648 
FEATURES 


• Direct replacement for DP8464B 


• 


GATE 
CHANNEl 


21 
INPUT 
'12 


20 
15 


ANALOG 
SET 
CHANNEl 


GROUND 
HYSTERESIS 
ALIGNMENT 


10 
14 


SET PULSE 
ENCODED 


WIDTH 
DATAOUT 


TIME 
CHANNEl 


2 
INPUT 


13 TIME 
PULSE 
IN 


\ML84868 
ONLY) 
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~l8464B,~l8464C 


PIN CONNEOIONS 


CD. 


TIME CHANNEL 
INPUT • 


NC 


AMPIN. 


AMPIN- 


NC 


Vcc 


SET PULSE WIDTH 


READ/WRITE 


TIME CHANNEl 
INPUT - 


GATE CHANNEL 
INPUT 


GATE CHANNEL 
INPUT 


ANALOG 
GROUND 


AMP OUT - 


AMP OUT. 


DIGITAL GROUND 


CAGe 


CHANNEl 
ALIGNMENT 
OUT 


ENCODED 
DATA OUT 


TIME 


SET 
CHANNEl 
HYSTERESIS~ 
CD+ 
/ 
INPUT- 


TIME 
GATE 
CHANNEL 
CHANNEL 
VR" 
INPUT 
+ I 
CD - 
INPUT 


\ 
I 
I 
I 


NC 
GATE CHANNEL 
INPUT 


NC 
ANALOG 
GROUND 


AMPIN. 
AMP 
OUT- 


AMPIN- 
28-Pin 
PLCC 
22 
AMP 
OUT. 


NC 
21 
NC 


VCC 
DIGITAL GROUND 


NC 
19 
CAGe 


12 
13 
14 
15 
16 
17 
16 


SET; 
TI~1E 
IENCbDED\ 
~C 
PULSE 
PULSE 
DATA oUT 
\ 


WIDTH 
OUT 
CHANNEl 


READ/WRITE 
TIME PULSE IN' 
ALIGNMENT 


Amp In+, Amp In- 
Differential inputs to the Ampli- 
fier. The output of the read/write 
head amplifier should be capa- 
citively coupled to these pins. 


Amp Out+, Amp Out- 
Differential outputs of the 
Amplifier. These outputs should 
be capacitively coupled to the 
gating channel filter and to the 
time channel filter. 


Gate Channel Inputs 
Differential inputs to the AGC 
block and the gating channel. 
Must be capacitively coupled 
from the Amp Out. 


Time Channel Input+, Differential inputs to the time 
Time Channel Input- 
channel differentiator. A filter is 
required between these pins and 
Amp Out pins to band limit the 
noise and to correct for any 
phase distortion due to read 
circuitry. Also inputs must be 
capacitively coupled to prevent 
disturbing the DC input level. 


CD+, CD- 
External differentiator network 
is connected between these 
two pins. 


Set Hysteresis 
DC voltage on this pin sets the 
amount of hysteresis on the 
differential comparator. 
VREF 
AGC circuit adjusts the gain of 
the amplifier to make the differ- 
ential peak to peak voltage on 
the Gate Channel. Input is four 
times the DC voltage on this pin. 


CAGC 
External capacitor between this 
pin and Analog ground is 
connected for the AGC 


NAME 


Set Pulse Width 


Time Pulse In 
(ML8464B only) 


VCC 
GND 


External capacitor between this 
pin and Digital ground is 
connected to control the pulse 
width of the Encoded Data Out. 
TIL input. When low, the chip is 
in read mode and active. When 
High, the chip is forced into 
stand by mode. 


Buffered output of the differ- 
ential comparator with hysteresis. 
This output is TIL on the 
ML8464B, and is open emitter 
on ML8464C The ML8464C is 
specified with a 2KO pull-down 
resistor to ground. 
This is the TIL input to the 
clock of the D flip-flop. Usually 
it is connected to the Time 
Pulse Out pin. 


ML8464B: This is the TIL output 
from the bidirectional one shot 
following the differentiator. 
Usually it is connected to the 
Time Pulse In pin. 
ML8464C: Open emitter-follower 
test point. 


TIL output. Leading edge of 
this pin indicates the time 
position of the peaks. 


12V power supply. 
Digital ground. Digital signals 
should be referenced to this pin. 
Analog ground. Analog signals 
should be referenced to this pin. 
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The output from the read/write amplifier is AC coupled 
to the amp input of the ML8464. The amplifier's output 
voltage is fed back via an external filter to an internal 
fullwave rectifier and compared against the external 
voltage on the VREFpin. The AGC circuit adjusts the 
gain of the amplifier to make the peak to peak 
differential voltage on the Gate Channel Input four 
times the DC voltage on the VREF.Typically the signal 
on the amp out will be set for 4Vp_pdifferential. Since 
the filter usually has a 6dB loss, the signal on the Gate 
Channel Input will be 2Vp_pdifferential. The user 
should therefore set O.5Von VREFwhich can be done 
with a simple voltage divider from the +12V supply or 
other suitable reference. 


The peak detection is performed by feeding the output 
of the amplifier through an external filter to the 
differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this 
will be at the peaks. However, if the signal exhibits 
shouldering, the differentiator will also respond to noise 
near the baseline. To avoid this problem, the signal is 
also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel is 


ML8464B, ML8464C 


comprised of a differential comparator with hysteresis 
and a D flip-flop. The hysteresis for this comparator is 
externally set via the Set Hysteresis pin. In order to 
have data out, the input amplitude must first cross the 
hysteresis level which will change the logic level on the 
D input of the flip-flop. The peak of the input signal 
will generate a pulse out of the differentiator 
and 


bidirectional 
one shot. This pulse will clock the new 


data at the D input through to the output. In this way, 
when the differentiator 
is responding to noise at the 
baseline, the output of the D flip-flop 
is not changing 
since the logic level into the D input has not been 
changed. The comparator circuitry is therefore a gating 
channel which prevents any noise near the baseline 
from contaminating the data. The amount of hysteresis 
is twice the DC voltage on the Set Hysteresis pin. For 
instance, if the voltage on the Set Hysteresis pin is 0.3y, 
the differential AC signal across the gate channel input 
must be larger than 0.6V before the comparator will 
change states. In this case, the hysteresis is 30% of a 2V 
peak to peak differential signal at the gate channel 
input. 


Supply 
Voltage 
14V 
TIL 
Input 
Voltage 
........•...•. 
•........ 
..•. 
S.5V 
TIL 
Output 
Voltage 
..........•...........•...•.... 
S.5V 
Input 
Voltage 
. .. .. .. .. .. .. .. .. . 
S.5V 
Differential 
Input 
Voltage 
+3V 
8JA for 24-Pin 
Plastic DIP (Copper 
Lead Frame) 
60°C/Watt 
8JA for 28-Pin 
PLCC (Copper 
Lead Frame) 
60°C/Watt 
Storage 
Temperature 
Range 
-6SoC to +1S0°C 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the 
device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 
are stress ratings 
only 
and 
functional 
device 
operation 
is not 
implied. 
• 
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vver 
reLommenaea 
operatrng 
conditions 
of TA = 0 to 
70oe, 
VCC = 12.0V ± 10%, VREF = O.SY, Set Hysteresis 
= 0.3Y, 


Read/Write 
= O.BV unless 
otherwise 
noted. 
(All 
pin 
numbers 
refer 
to 
DIP 
package.) 


SYMBOL 


AMPLIFIER 


ZINAI 
Amp 
In Impedance 
0.8 
1.0 
1.5 
kO 


AVM1N 
Min 
Voltage 
Gain 
6.0 
VIV 
AC Output 
4Vp_p 
Differential 


AVMAX 
Max Voltage 
Gain 
180 
VIV 
AC Output 
4Vp_p 
Differential 


VCAGC 
Voltage 
on CAGC 
4.5 
5.5 
V 
Av = 6.0 
2.8 
3.4 
V 
Av = 180 


ZINGCI 
Gate Channel 
Input 
Impedance 
1.75 
2.5 
3.25 
kO 


ICAGC- 
Current 
that charges 
CACC 
-1.5 
-2.5 
-3.5 
mA 
Pin 16 = 3.9V 
Pin 21 - Pin 22 = 1.3V 


'CAGC+ 
Current 
that discharges 
CAGC 
1 
5 
j1A 
Pin 16 ~ 5.0V 


.' 
Pin 21 - Pin 22 = O.N 


IVREF 
VREFInput 
Bias Current 
-0.01 
-100 
j1A 


VTHAGC 
AGC Threshold 
0.88 
1.0 
1.12 
V 
Pin 16 ~ 4.2V See Note 
1 


ISH 
Set Hysteresis 
Bias Current 
-60 
-100 
j1A 


VTHSH 
Set Hysteresis 
Threshold 
0.48 
0.6 
0.72 
V 
See Note 
2 


ZINTC 
Time 
Channel 
Input 
Impedance 
3.5 
5 
6.5 
kO 
- 


lco 
Current 
into 
pins 1 & 24 that 
2.1 
2.7 
3.4 
mA 
discharges 
Co 


ZINAI 
Amplifier 
Input 
Impedance 
in 
100 
SOO 
0 
Pin 11 = 2V 
Write 
Mode 


'CAGC 
Pin 16 Current 
in Write 
Mode 
1.0 
5.0 
j1A 
Pin 11 = 2V 
Pin 16 = 3.9V 
Pin 21 - Pin 22 = UV 


VIH 
High 
Level Input 
Voltage 
2.0 
V 
ML8464B: 
Pins 11, 13 


Vll 
Low Level Input 
Voltage 
0.8 
V 
ML8464C: 
Pin 11 


VI 
Input 
Clamp 
Voltage 
-1.5 
V 
Vcc ~ 10.8'1, II = -18mA 


IIH 
High 
Level Input 
Current 
20 
j1A 
Vcc ~ 13.2'1, VI ~ 2.7V 


II 
Input 
Current 
at Maximum 
1 
mA 
VCC = 13.2'1, 


Input 
Voltage 
VI = 5.5V 


III 
Low Level Input 
Current 
-200 
j1A 
Vcc = 13.2'1, VI ~ O.5V 


VOH 
High 
Level Output 
Voltage 
2.4 
V 
Vcc 
= 10.8'1, VIOH = -40j1A 


See notes 3, 7 


VOl 
Low Level Output 
Voltage 
0.5 
V 
VCC = 10.8'1, 10l = 800j1A, see note 
7 


losc 
Output 
Short Circuit 
Current 
-100 
mA 
VCC = 13.2'1, Vo 
= OV 


Icc 
Supply 
Current 
54 
75 
mA 
VCC ~ 13.2V 
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ML8464B, ML8464C 


DC ELECTRICAL CHARACTERISTICS 
(Continued) 


Over recommended 
operating 
conditions 
of TA = 0 to 70·C, Vcc = 12.0V ± 10%, VREF= O.sv, Set Hysteresis = 0.3v, 
Read/Write 
= 0.8V unless otherwise 
noted. (All pin numbers 
refer to DIP package.) 


SYMBOL 
I 
PARAMmR 


DIGITAL PINS (Continued) 


MAX 
I 
UNITS 
I 


VOHCA 
Channel 
Alignment 
Pin VOH 
(Note 3) 
ML8464B 
2.4 
V 
IOH = -40pA 


ML8464C 
7.6 
V 
10kO Load to GND 


VOLCA 
Channel 
Alignment 
Pin VOL 
(Note 3) 
ML8464B 
0.4 
V 
IOL = 800pA 


ML8464C 
6.9 
V 
10kO Load to GND 


VOHTP 
Time Pulse Out 
Pin VOH 


ML8464B 
2.4 
V 
10kO Load to GND 


ML8464C 
9.6 
V 
10kO Load to GND 


VOLTP 
Time Pulse Out Pin VOL 


ML8464B 
0.4 
V 
10kO Load to GND 


ML8464C 
8.6 
V 
10kO Load to GND 


AC ELECTRICAL CHARACTERISTICS 
Over recommended 
operating 
temperature 
and supply range of Vcc = 10.8 to 13.2V, TA = 0 to 70·e. 


SYMBOL 
PARAMETER 
MIN 
lYP 
MAX 
UNITS 
CONDITIONS 


ML8464-1 
tp_p 
Pulse Pairing 
±0.5 
±1.0 
ns 


ML8464-1.5 
f = 2.5MHz 


tp_p 
Pulse Pairing" 
±0.8 
±1.5 
ns 


V1N = 4OmVp_pdifferential 
See note 4 


ML8464-2 
tp_p 
Pulse Pairing 
±1.5 
±3.0 
ns 
• 
Note 1: 
The AGC threshold is defined as the voltage across the gate channel input when the voltage on CAGC is 4.2V. 
Note 2: 
The Set Hysteresisthreshold is defined as the voltage across the gate channel input when the channel alignment output voltage 
changes state. 
Note 3: 
To prevent inductive coupling from the digital outputs to amplifier inputs, the TIL outputs should not drive more than one ALS TIL 
load. 


Note 4: 
The filter and differentiator network are described in the pulse pairing set-up. 
Note s: 
All limits are guaranteed by 100%testing or alternate methods. 


Note 6: 
The 1.5 ns pulse pairing specification is available only on the ML8464C, not the ML8464B. 
Note 7: 
ML8464B: Pins 12, 14, 15 
ML8464C: Pins 14 and 15 only. 
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Ml8464B, 
Ml8464C 


Rl 
C1 
11 


24 


23 


22 


21 


20 


Ml84648, 
19 


Ml8464C 
18 


17 


16 


10 
15 


11 
14 


R1 
.. . . . . . . . . . . . 
. . . .. 
2200 
R4 
. . . .. 
6800 
R2, R3 .....•... 
. 
2400 
RS, R6 
3.3kO 
R7 
. . . . . . . . . .. 
100kO 
l1 
1.5JlH 
l2, 
l3 
4.7JlH 


C1 
•. . . . . .. 
82pF 
C2, C3, C6 
0.01JlF 
C4 
100pF 
CS 
........•........... 
1SpF 
C7; C8 
. . . . . .. 
0.0022ilF 
C9 
47pF 


The scope probe is connected to pin 14 (Encoded Data 
Out) and triggered off of its positive edge. The trigger 
holdoff is adjusted so that the scope first triggers off 
the pulse associated with the positive peak and then off 


the pulse associated with the negative peak. Pulse 
pairing is displayed on the second pair of pulses on the 
display. If the second pair of pulses are separated by 
6ns, then the pulse pairing for the part is ±3ns. 
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ML8464B, ML8464C 


• 


TIME PULSE OUT 
TIL 


VOL 
= .4V 
MAX 
VOH 
= l.8V 
MIN 


TIME PULSE INPUT 
TIL 


Vil 
= .8V 
MAX 
VIH 
= 2.4V 
MIN 
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The ML8464B open circuits the digital signal at pins 12 
and 13. This allows for the insertion of an external 
delay filter. The ML8464C has no TIL buffers at these 
pins and closes the signal path internally bringing out a 
test point at pin 12. Hence, the ML8464 does not allow 
for the external delay. 


TEST POINTS 


The ML8464B has two TIL test points at pins 12 and 15. 
The ML8464C uses open emitter followers in an ECL 
configuration. 
Hence, the voltage levels are not similar 


at pins 12 and 15 on both devices. The typical voltage 
level at pins 12 are VOH = 9.6Y, VOL = 8.6V and at pin 
15 are VOH = 1.6Y,VOL = 1.DY. 


AGC GAIN 
CONTROL 
FACTOR 


The AGC reference level is a DC voltage externally set 
at VREF(pin 4). Increasing this DC voltage will increase 
the gain of the gain controlled 
amplifier. 


AGC gain control factor = 


VOUTPEAK= peak of the AGC amp 


VREF 
2.5Vpp 
AGC gain control factor = -- 
= 5 for ML8464B 


D.5Voc 


2.DVpp 


= -- 
= 4 for ML8464C 
D.5Voc 


Thus, at VREF= D.5Vov VOUT AGC = 2.5V for ML8464B 
and 2.DV for ML8464C. This smaller signal amplitude 
should be taken into consideration 
at the hysteresis 
comparator. To set the desired amount of hysteresis, 
and external DC control voltage is used. The particular 
settings for VREFand control 
voltage at pin 3 that 
optimizes the ML8464B performance 
may not 
necessarily optimize the ML8464C performance. 


PART NUMBER 
TEMP. 
RANGE 
PACKAGE 
PULSE 
PAIRING 


ML8464C-1CP 
DOC to +7DoC 
MOLDED DIP (P24) 
±1 ns 
ML8464C-1CQ 
DOC to +7DoC 
MOLDED PCC (Q28) 
±1 ns 
ML8464C-1.5CP 
DOC to +7DoC 
MOLDED DIP (P24) 
±1.5 ns 
ML8464C-1.5CQ 
DOC to +7DoC 
MOLDED PCC (Q28) 
±1.5 ns 
ML8464C-2CP 
DOC to +7DoC 
MOLDED DIP (P24) 
±3 ns 
ML8464C-2CQ 
DOC to +7DoC 
MOLDED PCC (Q28) 
±3 ns 


ML8464B-1CP 
DOC to +7DoC 
MOLDED DIP (P24) 
±1 ns 
ML8464B-1CQ 
DOC to +7DoC 
MOLDED PCC (Q28) 
±1 ns 
ML8464B·2CP 
DOC to +7DoC 
MOLDED DIP (P24) 
±3 ns 
ML8464B-2CQ 
DOC to +7DoC 
MOLDED PCC (Q28) 
±3 ns 
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l1ILlMicro Linear 
Power Supplies 


Selection Guide 


Micro 
Linear offers high performance 
Switch Mode Power 


Supply IC controllers 
for PWM, Phase Modulation, 
Resonant and Power Factor Correction 
as well as Power 


Controllers 
for Battery powered systems. These Ie's are the 
highest frequency 
Ie's available and include unique 
features for enhanced stability, easy synchronization 
and 


improved 
fault management. These controllers 
can be 
tailored to meet your unique design requirements 
using 
Micro 
Linear's array-based Semi-Standard capability. 


For Power Factor Correction, 
four Ie's are available to 


meet the needs of a variety of different applications. 
Boost 


and Buck Boost dedicated 
PFC control 
Ie's are available. 


Also, a new 1(, the ML4819, 
combines a boost PFC stage 
with a Current Mode PWM control section. This new 
"Combo" 
controller 
is the first IC available which 
controls 
an entire PFC corrected power supply on a single chip. 


Also, a new Average Current Sensing Boost PFC controller, 
the ML4821, 
achieves the lowest har.monic distortion 
and 


highest power factor. 


Two new resonant controllers 
are now available, 
one for 
zero voltage switching 
and one multi-mode 
controller. 


Both Ie's offer unique overload protection 
features, high 
current output drivers, and low cross conduction. 
The 


multi-mode 
controller 
supports both series resonant 
converters operating above resonance and ZCS 
topologies. 


The ML4818 
Phase Modulation 
Controller 
combines the 


low-loss zero-voltage 
switching 
transitions of a resonant 


topology 
with the efficient energy transfer characteristics 


of square wave PWM. 


Our new ML4861 and ML4862 offer integrated system 
solutions for palmtop 'lnd notebook or laptop 
applications. 
High efficiency 
is achieved through 
synchronous 
rectification. 


These Ie's are available 
in Commerical 
(O°C to +70°Cl, 


Industrial (-40°C to +85°C) and Military 
(-55°C to 


+ 125°C) temperature 
ranges in both DIP and Surface 
Mount packages. 


• 
1MHz Operation 


• 
Voltage Mode or Current Mode Operation 


• 
High Current (2A peak) High Speed Totem Pole 
Outputs 


• 
Precision (+1%) 5.1 V Reference 


• 
Soft Start Latch Ensures Full Soft Start Cycle 


• 
Semi-Standard Options Available 


• 
Unique 
Features to Enhance 


Synchronization 
Stability 
Fault Protection 


• 
ML4812 
General Purpose Boost Mode (Peak ISENSE) 


• 
ML4821 Average Current Sense Boost Mode 


• 
ML4813 
Flyback Converter for Low Power Systems 


• 
ML4819 
Boost PFC and PWM "Combo" 


• 
ML4862 
Laptop Power Controller 


• 
ML4861 
Palmtop Boost Regulator 


SOFT-SWITCHING 
AND 
RESONANT 
CONTROLLERS 


Ml4815 
Single Ended Zero Voltage Switching 
Controller 


• 
Ideal for Low Input Voltage DC to DC 
Converter Modules 


• 
Operation 
to 1.5MHz 


Ml4816 
Multi-Mode 
Push-Pull Resonant Controller 


• 
Supports All Major Topologies: ZVS and ZCS 


• 
Constant Off-Time or Constant On-Time Control 


Ml4818 
Phase Modulation/Soft 
Switching 
Controller 


• 
Full Bridge Zero Voltage Switching 
Operation 


• 
Power DIP Package 


ML4830 
ELECTRONIC 
BALLAST 


CONTROLLER 


• 
A complete solution 
for Electronic Ballasts 


• 
Power Factor Controller 


• 
PWM or Frequency Modulation 
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BATTERY POWERED 
CONTROL 
lC's 


New in 1992 are two Ie's for battery powered systems. 
The ML4862 
is a complete control 
solution for multi-cell 


Laptop and Notebook 
computer 
systems. The ML4861 


Palmtop Boost is the most compact boost converter on the 
market, providing 
SV (or 3.3V) output for input voltages 


from 1V to 4.SV. Both use synchronous 
rectification 
for 
high efficiency. 


,~ 
ML4862 
ML4861 


Application 
Notebook/Laptop 
Palmtop 


Input Voltage Range 
5.5 to 22V 
1 to 4.5V 


Output Voltages 
3.3, 5V, 12V, 
5V or 3.3V or 
5V (Linear) 
Adjustable 


Output Current 
Determined by 
BOmA (1 Cell) 
ExternalComponents 
350mA (3 Cell) 


Other Features 
Logic to M05FET Drivers 
Only 2 External 
All N-Channel Design 
Components 


The ML4830 
is the first commercially 
available 
IC 


designed specifically 
for Electronic Ballasts. This IC 


contains an average current sensing boost mode power 
factor controller, 
similar to the ML4821, 
as well as a 


ballast control section. Flexibility 
is built in to the 
ML4830, 
allowing 
it to operate with programmable 


starting scenarios and either PWM or Frequency 
modulated 
ballast outputs. 


MODE 


LAMP F.B. 


LFB OUT 


12 
PRE-HEAT 
OUTPUT 
AND 
INTERRUPT 
DRIVERS 


INTERRUPT 
TIMERS 


10 
OUTA 
PWMOR 
15 


OVP/INHIBIT 
FREQUENCY 
MODULATOR 
OUTB 
14 


IAOUT 


IA- 
PFC OUT 
16 


IA+ 
POWER 
FACTOR 
vcc 
I(SINE) 
CONTROLLER 
UNDER-VOLTAGE 


AND 
THERMAL 
VREF 
EAOUT 
SHUTDOWN 
GND 
EA- 
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Micro 
Linear offers more choices for Power Factor 


Correction 
than any other company. All of Micro 
Linear's 


PFC systems will easily meet IEC-555 requirements for AC 
input current harmonic 
distortion. 


For the lowest harmonic distortion 
available over a wide 
range of input line and output load conditions, 
Micro 
Linear has introduced 
the ML4821 Average Current 


Sensing PFC controller. 
The ML4813 
flyback controller 


PowerSu~ 


offers the user a choice of output voltages and is easiIy 
isolated. The ML4819 
PFC Combo IC provides a complete 
control solution for power factor corrected supplies, 
providing 
both the PFC pre-regulation 
and PWM control 


outputs. The ML4821 
uses the lossless peak current 
sensing method for the highest efficiency 
possible. 


All of Micro 
Linear's PFC control 
Ie's provide Over- 


Voltage Protection and high current outputs for fast 
MOSFET drive. 


FEATURE 
Ml4812 
Ml4813 
Ml4819 
Ml4821 


Topology 
Continuous 
Flyback 
Boost+ PWM 
Continuous 
Boost 
Combo 
Boost 


Efficiency 
Highest 
Moderate 
High 
High 


SystemPower Factor 
0.99 
0.99 
0.99 
0.99 


Usable Power Range 
Over SOW 
Under 2S0W 
Under 400W 
Over SOW 


Output Voltage 
VOUT> V1N 
VOUT 
VOUT> V1N 
VOUT> V1N 


Independent 
OfV1N 


Over-Voltage Protection 
YES 
YES 
YES 
YES 


PeakOutput Drive 
lA 
lA 
lA 
lA 


Control Method 
Peak 
Voltage 
Peak 
Average 
Current 
Mode 
Current 
Current 


Sync Input 
YES 


Output can be Isolated 
NO 
YES 
YES 
NO 


HIGH FREQUENCY 
PWM CONTROLLERS 
• 


Micro 
Linear offers a complete family of 1 MHz PWM 
control 
Ie's with superior performance 
over the Industry 
Standard PWM controllers. 
Our Family of PWM 
controllers 
feature: 


• 
1MHz Operation 


• 
2A Peak Fast Output 
Drive 


• 
High Speed Cycle-by-Cycle 
Current Limit 


• 
Soft Start with Complete Reset 


• 
Under-Voltage 
Lockout with Low Current Start-up 


• 
Current Mode or Voltage Mode Operation 


FEATURE 
Ml4809 
Ml4810 
Ml4811 
Ml4817 
Ml4823 
Ml4825 


Push-Pull 
YES 
YES 
YES 
YES 


Single-Ended 
YES 
YES 


Integrating 
Fault 


Detection 
YES 
YES 
YES 


Oscillator 
Sync Input 
YES 
YES 


Slope 
Compensation 
YES 


Precision 


Duty-Cycle 
limit 
YES 


Soft-Start Delay 
YES 
YES 
YES 


Separate 
Error Amp 
Output Pin 
YES 
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RESONANT 
AND 
PHASE 
MODULATION 
CONTROLLERS 


Adding to the family of Switch Mode Power Supply 
Controllers 
are three Ie's for high frequency Zero Voltage 
or Zero Current Switching. 
Micro 
Linear offers both 


Resonant and Phase Modulation 
Controllers. 


We have introduced 
two new Resonant Ie's. The ML4815 
is optimized 
for single-ended 
DC to DC Zero Voltage 
Switching 
converters. The ML4816 
multi-mode 
controller 


is designed for push-pull 
or half-bridge 
resonant 


topologies 
and can run in either constant on-time 
mode 


(for Zero Current SWitching) or constant off-time 
mode (for 


Zero Voltage Switching). 
The ML4816 
includes 


programmable 
frequency 
limits for both upper and lower 
frequencies, ensuring that the IC can be used in supplies 
that operate either above or below resonance. 


The ML4818 
Phase Modulation 
Controller. 
Combines the 
Zero Voltage Switching characteristics 
of a resonant 
supply with the efficient energy transfer and simplicity 
of 
PWM. 


FEATURE 
Ml4815 
Ml4816 
Ml4818 


Zero Voltage 
Switching 
YES 
YES 
YES 


Zero Current 
Switching 
YES 


Control 
Type 
Constant 
Constant 
On 
Phase 


Off-Time 
or Constant Off 
Modulation 


Integrating 
Fault Detection 
YES 
YES 
YES 


Intended Application 
DC-DC 
Offline 
Offline 
or DC-DC 
or DC-DC 


SEMI-STANDARD, 
CUSTOMIZED 
CONTROLLERS 


Micro 
Linear's unique Tile Array based designs make it 


possible to modify any of our standard products to suit 
your unique application 
needs. Semi-Standard is a low 


risk path to modify the IC to change its functionality, 
package, temperature 
range, or parametric performance. 
Call your Micro 
Linear representative for more 


information. 


STANDARD 
ARRAY 
PRODUCTS 
PERFORMANCE 


FB3480 
Ml4823/25 
1MHz 
Operation 


High Frequency 
Ml4810/11 
2 x 2A Output 
Drivers 


PWM 
Ml4809, 
Ml4817 
SOns Prop. Delay 


FB3490 
Ml4812, 
Ml4813 
500KHz Operation 


General 
Purpose 
Ml4819 
2 x 1A Output 
Drivers 
SMPS 
Ml4821 
lOOns Prop. Delay 


2M Hz Operation 


FB3491 Resonant 
Ml4816 
2 x 1.5A Output Drivers 
SOns Prop. Delay 


2MHz Operation 


FB3492 Resonant 
Ml4818 
4 x 1.SA Output Drivers 
SOns Prop. Delay 


12V Bipolar 


FB3680 
Ml4830 
3 x 200mA Drivers 
SOns Prop. Delay 


SV Operation 


FC3580 
Ml4861 
1AMOS 
Power 
MicroPower 
BiCM05 


FB3430 
Ml4862 
36V Bipolar 
4 Outputs 
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ML1825 


High Frequency Power Supply Controller 


The ML1825 High Frequency PWM Controller 
is an IC 


controller 
optimized for use in Switch Mode Power 


Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller 
is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 


A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold 
initiates a soft-start cycle. The soft start pin 


doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit 
multiple 
pulsing. An under-voltage lockout 


circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 


The ML1825 is fabricated on a 40V bipolar process 
from the FB3480Power Supply Controller 
Array. 
Customized versions of this controller 
are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 


This controller 
is a pin for pin replacement for the 


UC1825 controller. 


• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current 
(2A peak) Dual Totem Pole Outputs 


• Wide 
Bandwidth 
Error Amplifier 
• Fully Latched Logic with Double 
Pulse Suppression 


• Pulse-by-Pulse Current 
Limiting 


• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with Hysteresis 
• 5.1Y,±1% Trimmed Bandgap Reference 
• Pin Compatible 
Replacement for UC1825 


• 


POWER Vc 
13 


OUT A 
11 


TH. 


OUT B 


14 
"Q" 
POWER GND 
12 


S'GNIGND 
~ 
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M11825 
16-Pin DIP 


PIN DESCRIPTION 


PIN II 
NAME 
FUNGION 
PIN II 
NAME 
FUNGION 


1 
INV 
Inverting input to error amp. 
9 
1(L1M)/S.D. Current limit sense pin. Normally 


2 
NI 
Non-inverting 
input to error amp. 
connected to current sense 
resistor. 
3 
E/A OUT 
Output 
of error amplifier and 
10 
GND 
Analog Signal Ground. 
input to main comparator. 


4 
CLOCK 
Oscillator output. 
11 
OUT A 
High Current Totem pole output. 
This output is the first one 


5 
R(T) 
Timing Resistor for Oscillator - 
energized after Power On Reset. 


sets charging current for oscillator 
12 
PWR GND 
Return for the High Current 
timing capacitor (pin 6). 


6 
C(T) 
Timing Capacitor for Oscillator. 


Totem pole outputs. 


13 
Vc 
Positive Supply for the High 
7 
RAMP 
Non-Inverting 
input to main 
Current Totem pole outputs. 
comparator. Connected to C(T) for 
14 
OUT B 
High Current Totem pole output. 
Voltage Mode operation or to 
current sense resistor for current 
15 
Vcc 
Positive Supply for the IC 


mode. 
16 
5.1V REF 
Buffered output for the 5.1V 
8 
SOFT START Normally connected to Soft Start 
voltage reference. 


Capacitor. 
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Supply 
Voltage 
(pins 15, 13) 
30V 


Output 
Current, 
Source 
or Sink (pins 11, 14) 
DC 
. . . . . . . . . . . . . . • . . . . . .. 
O.5A 


Pulse 
(O.5tJS) 
.......•.................................. 
2.0A 


Analog 
Inputs 


(pins 1, 2, 7) ......................•...•........ 
-O.3V to 7V 


(pins 9, 8) 
-O.3V to 6V 


Clock 
Output 
Current 
(Pin 4) 
-SmA 
Error Amplifier 
Output 
Current 
(Pin 3) 
SmA 
Soft Start Sink Current 
(Pin 8) 
..............•........ 
20mA 


Oscillator 
Charging 
Current 
(pin 5) 
............•....... 
-SmA 
Junction 
Temperature 
ML4825M 
150°C 
ML48251, ML4825C 
125°C 
Storage 
Temperature 
Range 
~5°C 
to +150°C 
Lead Temperature 
(Soldering 
10 sec.) 
...•............ 
+260°C 
Thermal 
Resistance 
(8JA) 
Ceramic 
DIP 
................................•... 
65°C/W 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the 


device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 


are stress ratings 
only 
and 
functional 
device 
operation 
is not 


implied. 


ELEaRICAL CHARAaERISTICS 
Unless 
otherwise 
specified, 
RT = 3.65KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 15V. 


Initial 
Accuracy 
TJ 
~ 25°C, (note 
1) 
360 
400 
440 
KHz 


Voltage 
Stability 
10V < Vcc < 30'1, (note 
1) 
0.2 
2 
% 


Temperature 
Stability 
(note 
1) 
5 
% 


Total Variation 
line, temp, 
(note 
1) 
340 
460 
KHz 


Clock 
Out 
High 
3.9 
4.5 
V 


Clock 
Out 
Low 
2.3 
2.9 
V 


Ramp Peak 
(note 
1) 
2.6 
2.8 
3.0 
V 


Ramp Valley 
(note 
1) 
0.7 
1.0 
125 
V 


Ramp Valley to Peak 
(note 
1) 
··r 
1.6 
1.8 
2.0 
V 


Output 
Voltage 
TJ = 25°C, 10 = 1mA 
5.05 
5.10 
5.15 
V 


Line Regulation 
10V < Vcc < 30V 
2 
20 
mV 


Load Regulation 
1mA < 10< 10mA 
5 
20 
mV 


Temperature 
Stability 
-55°C < TJ < 150°C, (note 
1) 
.2 
.4 
% 


Total Variation 
line, load, temp 
(note 
1) 
5.0 
5.20 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
p.V 


Long Term Stability 
T1 ~ 125°C, 1000 hrs, (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREf 
= OV 
-15 
-50 
-100 
mA 


Input 
Offset 
Voltage 
10 
mV 


Input 
Bias Current 
., 


.6 
3 
p.A 


Input 
Offset 
Current 
.1 
1 
p.A 


Open 
Loop 
Gain 
1 < Vo < 4V 
60 
95 
dB 
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ELEGRICAL 
CHARAGERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
RT = 3.65KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, Vcc 
= 15V 


CMRR 
1.5 < VCM < 5.5V 
75 
95 
dB 


PSRR 
10 < Vee < 30V 
85 
110 
dB 


Output 
Sink Current 
VP1N 3 = 1V 
t, 
1 
2.5 
mA 


Output 
Source 
Current 
VP1N 3 = 4V 
-.5 
-1.3 
mA 


Output 
High 
Voltage 
IPIN 3 = -O.5mA 
4.0 
4.7 
5.0 
V 


Output 
Low Voltage 
, 


IplN 3 = 1mA 
0 
0.5 
1.0 
V 


Unity 
Gain 
Bandwidth 
(note 
1) 
. 


3 
5.5 
MHz 


Slew Rate 
(note 
1) 
6 
12 
V/J1S 


Pin 7 Bias Current 
VP1N 7 = OV 
-1 
-5 
IJA 


Duty 
Cycle 
Range 
0 
80 
% 


Pin 3 Zero 
DC Threshold 
'" 
Vp1N 7 = OV 
1.1 
1.25 
V 


Delay to Output 
(note 
1) 
50 
80 
ns 


Soft-Start 
Section 


Charge 
Current 


Discharge 
Current 


Current 
Limit/ Shutdown 
Section 


VP1N 8 ~ O.5V 


Vp1N 8 = 1V 


Pin 9 Bias Current 
OV < VP1N 9 < 4V 
+15 
IJA 


Current 
Limit 
Threshold 
.9 
1 
1.1 
V 


Shutdown 
Threshold 
1.25 
1.4 
1.55 
V 


Delay to Output 
(note 
1) 
50 
80 
ns 


- 
lOUT = 20mA 
.25 
.4 
V 
Output 
Low Level 


lOUT = 200mA 
1.2 
2.2 
V 


lOUT = -20mA 
.. 
13.0 
13.5 
V 


Output 
High 
Level 
lOUT = -200mA 
12.0 
13.0 
V 


Collector 
Leakage 
Ve = 30V 
. 
100 
500 
pA 


Rise/Fall Time 
CL = 1000pf, (note 
1) 
30 
60 
ns 


Under-Voltage 
Lockout Section 


Start Threshold 


UVLO 
Hysteresis 


Supply Current 


Start Up Current 


Ice 


Vee 
= 8V 


VP1N " 7, 9 = 0\1, VP1N 2 = 1V, 
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The ML 1825 oscillator 
charges the external capacitor 


(CT) with 
a current 
(lSfT) equal to 3/RsfT. When 
the 


capacitor 
voltage reaches the upper threshold 
(Ramp 
Peak), the comparator 
changes state and the capacitor 
discharges to the lower threshold 
(Ramp Valley) through 


Q1. While 
the capacitor 
is discharging, 
Q2 provides 
a 
high pulse. 


The Oscillator 
period 
can be described 
by the 


following 
relationship: 


TOSC= TRAMP+ TDEADTIME 


where: 
TRAMP= C (Ramp Valley to Peak)/lsfT 


and: 
TDEADTIME= C (Ramp Valley to Peak)/IQ1 
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ERROR AMPLIFIER 


The ML 1825 error amplifier 
is a 5.5MHz 
bandwidth 
12V//is slew rate op-amp with 
provision 
for limiting 
the 


positive output 
voltage swing (Output 
Inhibit 
line) for 
ease in implementing 
the soft start function. 
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OUTPUT 
DRIVER 
STAGE 


The ML1825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 11. Supply Current vs lemperature 


SOFT 
START AND 
CURRENT 
LIMIT 


The ML1825 employs two current limits. When the 
voltage at pin 9 exceeds 1V, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 


If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated and the soft start 
capacitor (pin 8) is discharged. The duty cycle on start 
up is limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 


'Micro 
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PART NUMBER 


ML1825MJ 


TEMPERATURE 


RANGE 


-55°C 
to +125°C 


PACKAGE 


Hermetic 
DIP U16) 


'Micro 
Linear 


• 
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Linear 


July 1992 
PRELIMINARY 


ML4809 


High Frequency PWM Controller 


The ML4809 High Frequency PWM Controller 
is a full- 


featured IC controller 
optimized for use in Switch 


Mode Power Supply designs running at frequencies to 
1MHz. Propagation delays are minimized while slew 
rate and bandwidth are maximized for reliable high 
frequency operation. This controller 
is designed to 
work in either voltage or current mode and provides 
for input voltage feed forward. 


A 1.1Vthreshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.5V. 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit 
multiple 
pulsing. An under-voltage lockout 
circuit with 7V of hysteresis assures low startup current 
and drives the outputs low. 


The ML4809 is fabricated on a 40V bipolar process 
from the FB3480Power Supply Controller Array. 
Customized versions of this controller 
are easily 
implemented. This controller 
is similar to the UC1825 


controller, however the ML4809 includes many features 
not found on the 1825.These features are set in Italics. 


• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current 
(2A peak) Dual Totem Pole Outputs 


• Wide 
Bandwidth 
Error Amplifier 
• Fully Latched Logic with 
Double 
Pulse Suppression 


• Pulse-by-Pulse Current 
Limiting 


• Soft Start and Max. Duty Cycle Control 
• 5.1V,±1% Trimmed Bandgap Reference 
• Under 
Voltage Lockout: 
16V Start with 7V Hysteresis 


• Programmable 
Ramp Compensation 
Circuit 


• VCO Input for Synchronization 
or Frequency Control 


• External Clock Input for Synchronization 
• Toggle Preset for Synchronization 
• Comparator Blanker for Better Noise Immunity/Stability 
• Separate Error Amplifier 
Output 
Pin for Loop Filtering 
Versatility 


• Fast Shut Down 
Path from Current 
Limit to Outputs 


• Outputs 
Preset to Known 
Condition 
After 
Under 


Voltage Lockout 


• Soft Start Latch Ensures Full Soft Start Cycle 
• Programmable 
Soft Start Delay 


CLOCKOUT 7 


RC (BlANK) 
14 


CLOCK IN 6 


POWER vc~ 


OUT A 17 


Q-FF 13 
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PIN CONNECTIONS 


ML4809 
24-Pin DIP 


INV 
24 
PRESET 
TOGGLE 


NI 
23 
RAMPCOMP 


EIAOUT 
22 
5.1V REF 


CMPIN 
21 
vcc 
V(VCOI 
OUTB 


CLOCKIN 
POWER 
Vc 


CLOCKOUT 
PWRGND 


Rm 
OUTA 


cm 
SIGNALGND 


RAMP 
10 
IILlMI/S.D. 


SOFTSl;\RT 
11 
RC(BLANK) 


RESET 
DELAY 12 
Q-FF 


TOPVIEW 


ML4809 
28-Pin PCC 


PRESET 
TOGGLE 
INV IRAMPCOMP 
Nt + 
+ 
+ 5.1V REF 


26 
25 
Vcc 


24 
OUTB 
POWER 
Vc 


POWER 
GND 


OUT A 


Rm 
10 
NC 


cm 
':2 
SIGNALGND 


t SOFTt Q-ff 
I(L1MJIt 
5];\RT 
SoD. 


RAMPRESET RC 
NC 
DELAY(BLANKI 


PIN DESCRIPTION 


PIN # 
NAME 
FUNGION 
PIN # 
NAME 
FUNGION 


1 
INV 
Inverting 
input to error amp. 
13 
Q-FF 
An Emitter Follower 
output 
which 


2 
NI 
Non-inverting 
input to error 
amp. 
is High for B active. 


3 
EtA OUT 
Output 
of error amplifier. 
14 
RC (BLANK) 
Connect 
resistor and capacitor 
to 


ground 
for blanker function. 


4 
CMP IN 
Main Comparator 
Input. 


Current 
limit sense pin. Normally • 


15 
l(lIM)tS.D. 
5 
V(VCO) 
A control 
voltage input which 
sets 
connected 
to sense resistor. 


the VCO frequency. 
May be tied 
16 
GND 
Analog Signal Ground. 
to 5.1V REF(22) for fixed 
frequency 
operation. 
17 
OUT A 
High Current 
Totem pole output. 


6 
ClOCK 
IN 
A "1" level blanks the outputs 
and 
This output 
is the first one 


prepares the chip for the next 
energized 
after Power On Reset. 


cycle by toggling 
the T flip flop. 
18 
PWR GND 
Return for the High Current 


7 
CLOCK OUT 
Oscillator 
output. 
This is an 
Totem pole outputs. 


emitter 
follower 
output. 
19 
POWER Vc 
Positive Supply for the High 


8 
R(T) 
Timing 
Resistor for Oscillator 
- 
Current 
Totem pole outputs. 


sets charging 
current 
for oscillator 
20 
OUT B 
High Current 
Totem pole output. 


timing 
capacitor 
(pin 9). 
21 
Vcc 
Positive Supply for the Ie. 


9 
C(T) 
Timing 
Capacitor 
for Oscillator. 
22 
5.1V REF 
Buffered output 
for the 5.1V 
10 
RAMP 
Non-Inverting 
input to main 
voltage reference. 


comparator. 
Connected 
to C(T) for 
23 
RAMP COMP 
Connect 
resistor to GND for ramp 
Voltage Mode 
operation 
or to 
compensation. 
current 
sense resistor for current 
mode. 
24 
PRESET 
Presets the toggle flip-flop. 
Tie to 


11 
SOFT START Normally 
connected 
to Soft Start 
TOGGLE 
GND to disable. 


Capacitor. 


12 
RESETDELAY Connect 
to capacitor 
for time 


delay before 
new soft-start cycle 


begins after 1.4V current 
limit 
is 
reached. 
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Supply 
Voltage 
(Pins 21, 19) 
36V 


Output 
Current, 
Source 
or Sink (pins 17, 20) 


DC 
O.5A 


Pulse (O.5J.1S).................•...•...•...•............ 
2.0A 


Input 
Voltage 
(Pins 1, 2, 4, 5, 10) ...................•...•..... 
-Q.3V to 7V 


(pins 8, 9, 11, 12, 15, 24) 
.. ,.................... 
-Q.3V to 6V 


Logic Output 
Current 
(Pins 7, 13) 
..........•........... 
-SmA 


Blanker 
Charge 
Current 
(pin 14) ..................•.... 
-SmA 


Error Amplifier 
Output 
Current 
(Pin 3) ............•..... 
SmA 


Soft Start Sink Current 
(Pin 11) 
20mA 


Oscillator 
Charging 
Current 
(Pin 8) 
....•..........•.... 
-SmA 


Junction 
Temperature 
ML4809M 
...........................•............... 
150°C 


ML48091, ML4809C 
125°C 


Storage Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering 
10 sec.) 
+260°C 


Thermal 
Resistance (IJJA) 


Plastic DIP 
...............................•........ 


Ceramic 
DIP 
.....................•...•......•..... 
Plastic Chip 
Carrier 
(PCO 
. 


50°C/W 
55°C/W 
55°C/W 


Temperature 
Range 
ML4809M 
.............•..............•... 
-55°C 
to +125°C 


ML48091 
........•......•...•... 
-40°C 
to +85°C 


ML4809C 
..........•...•..........•... 
.. 
O°C to +70°C 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the 


device could be permanently damaged. Absolute maximum ratings 
are stress ratings 
only 
and functional 
device 
operation 
is not 


implied. 


ELEORICAL 
CHARAOERISTICS 


Unless otherwise 
specified, 
RT = 6.2KO, CT = 1000pF, V(VCO) = VREF,RL (pins 7, 13) = 5KO, 


TA = Operating 
Temperature 
Range, Vcc = 1SV.(note 3) 


MAX 
I 
UNITS 


Initial 
Accuracy 
TJ = 25°C, (note 
1) 
390 
430 
470 
KHz 


Voltage 
Stability 
10V < Vcc < 30\\ 
(note 
1) 
0.2 
4 
% 


Temperature 
Stability 
(note 
1) 
5 
% 


Total Variation 
. 


line, temp, 
(note 
1) 
370 
430 
490 
KHz 
" , 


Clock 
Out 
High 
3.9 
4.5 
V 


Clock 
Out 
Low 
2.3 
2.9 
V 


Ramp Peak 
(note 
1) 
. ,. 
2.6 
2.8 
3.0 
V 


Ramp Valley 
(note 
1) 
0.7 
1.0 
1.25 
V 


Ramp Valley to Peak 
(note 
1) 
1.6 
1.8 
2.0 
V 


V(VCO) 
Control 
Range 
- 
1 
5.5 
V 


I ML4809C 
TJ = 25°C, 10 = 1mA 
5.00 
5.10 
5.20 
V 
Output 
Voltage 
I ML4809M, 
ML48091 
5.05 
5.10 
5.15 
V 


Line Regulation 
10V < Vcc < 30V 
2 
20 
mV 


Load Regulation 
1mA < 10 < 10mA 
5 
20 
mV 


Temperature 
Stability 
-55°C < TJ < 150°C, (note 
1) 
.2 
.4 
% 
I ML4809C 
line, load, temp, 
(note 
1) 
4.95 
5.25 
V 
Total Variation 
I ML4809M, 
ML48091 
5.0 
5.20 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
JiV 


Long Term Stability 
. 
, 
TJ = 125°C, 1000 hrs, (note 
1) 
5 
25 
mV 


VRE~= OV, TA ~ 
OOC 
-15 
-50 
-100 
mA 


Short 
Circuit 
Current 
TA < OOC 
-15 
-50 
-120 
mA 


Under-Voltage 
Lockout Section 


Start Threshold 


UVLO Hysteresis 
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ELEORICAL 
CHARAOERISTICS 
(Continued) 


Unless 
otherwise 
specified, 
RT = 6.2KO, 
CT = 1000pF, 
V(VCO) 
= VREF, RL (Pins 
7, 13) = SKO, 
TA = Operating 
Temperature 
Range, 
VCC = 1S'I. (note 
3) 


_____ 
C_O_N_D_IT_I_O_N_S 
M_IN 
TY_P 
MAX 
__ 
I 
UNITS 
PARAMETER 


Error Amplifier Section 


TA = 250C 
±15 
mV 
Input 
Offset 
Voltage 
±20 
mV 


Input 
Bias Current 
.6 
3 
pA 


Input 
Offset 
Current 
.1 
1 
pA 


Open 
Loop 
Gain 
1 < '1.0 < 4'1. 
60 
96 
dB 


1.5 < VCM < 5.5'1.,TA 
~ 
DOC 
75 
95 
dB 
CMRR 


1.5 < VCM < 5.5'1.,TA < DOC 
65 
95 
dB 


10 < Vcc < 30'1.,TA 
~ 
DOC 
80 
110 
dB 
PSRR 


10 < VCC < 30'1.,TA < DOC 
70 
110 
dB 


Output 
Sink Current 
VplN 3 = 1'1. 
1 
2.5 
mA 


Output 
Source 
Current 
VPIN 3 = 4'1. 
-.5 
-1.3 
mA 


Output 
High 
Voltage 
IplN 3 = 1mA 
3.5 
4.3 
5.0 
V 


Output 
Low Voltage 
IplN 3 = 1mA 
0 
0.5 
1.0 
V 


Unity 
Gain 
Bandwidth 
(note 
1) 
3 
5.5 
MHz 


Slew Rate 
(note 
1) 
6 
12 
V/JiS 


Pin 10 Bias Current 
V PIN 10 = Ov, V PIN 23 = open, 
-1 
-10 
pA 


VPIN 9 = 2'1. 


TA 
~ 
OOC 
0 
75 
% 
Duty 
Cycle 
Range 


TA < OOC 
0 
70 
% 


Pin 4 Zero 
DC Threshold 
VPIN 7 = 0'1. 
1.1 
1.25 
V 


Delay to Output 
(note 
1) 
50 
80 
ns 


, 


Ramp 
Compensation 


Pin 10 Current 


Charge 
Current 
(Pin 11) 
V PIN 11 = 0.5'1. 
-3 
-9 
-20 
pA 


Discharge 
Current 
(Pin 11) 
Vp1N 11 = 1'1. 
1 
mA 


Discharge 
Current 
(Pin 12) 
VP1N 12 = 1'1. 
3 
9 
20 
pA 


Charge 
Current 
(pin 12) 
V PIN 12 = 0.5'1. 
-.4 
mA 


Pin 15 Bias Current 
0'1.< VPIN 1S < 4'1. 
±20 
pA 


Current 
Limit Threshold 
1.0 
1.1 
1.2 
V 


Shutdown 
Threshold 
1.35 
1.50 
1.65 
V 


Delay to Output 
(note 
1) 
40 
70 
ns 


I (note 
1), RC = 5.1KO, 68pF 
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ELEORICAL 
CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
RT = 6.2KO, 
CT = 1000pF, 
V(VCO) 
= VREF, RL (pins 
7, 13) = SKO, 


TA = Operating 
Temperature 
Range, 
Vcc 
= 1SV. (note 
3) 


lOUT = 20mA 
.25 
.4 
V 
Output 
Low Level 
lOUT = 200mA 
1.2 
2.2 
V 


lOUT = -20mA 
13.0 
13.5 
V 
Output 
High 
Level 
lOUT = -200mA 
12.0 
13.0 
V 


Collector 
Leakage 
Vc = 30V 
100 
500 
fJA 


Rise/Fall Time 
CL = 1000pF, (note 
1) 
30 
60 
ns 


Pin 24 Threshold 
(note 
2) 
VREF 
- 
.98 
V 


Pin 13 VOH 
(note 
2) 
VREF 
- 
.65 
V 


Pin 13 VOL 
(note 
2) 
VREF 
- 
1.3 
V 


Vcc = 8V, TA = 25"C 
1.1 
3.0 
mA 
Start Up Current 
(note 
2) 


Vcc = 8V, TA < 25"C 
3.5 
mA 


Icc 
VP1N 1,10,1S= Ov, VP1N 
2 = 1V, 
29 
38 
mA 


TA = 25°C 


Note 1: 
This parameter not 100% tested in production 
but guaranteed by design. 
Note 2: 
The thresholds on the logic input pins are set by a reference generator that is: VTH = Vw - (1.5 • VB'I. The logic outputs swing from: 
VOH 
= VREF 
- VB' to VOl = VREF 
- 2 • VB" VB' is nominally .65V and varies with temperature. 
Logic inputs and outputs will track each 


other 
with 
temperature 
variation. 
Note 3: 
Since the Under Voltage Lockout start-up threshold 
is 16V, the supply is first raised to 20V to activate the IC and then lowered to 15V 
to conduct 
the electrical testing. 
Note 
4: 
Reference 
short 
circuit 
current, 
Supply 
current 
and 
Start-up 
Ice decrease 
with 
increasing 
temperature. 


OSCILLATOR 


The 
ML4809 
Voltage 
Controlled 
Oscillator 
charges 
the 


external 
capacitor 
(CT) with 
a current 
('CHARGE) equal 


to 
V(VCO)/RT. 
When 
the 
capacitor 
voltage 
reaches 
the 


upper 
threshold 
(Ramp 
Peak), 
the 
comparator 
changes 


state 
and 
the 
capacitor 
discharges 
to 
the 
lower 


threshold 
(Ramp 
Valley) 
through 
Q1. 
While 
the 
capacitor 
is discharging, 
Q2 
provides 
a high 
pulse. 
For 


Fixed 
Frequency 
Operation, 
V(VCO) 
can 
be 
tied 
to 


VREF· 


The 
Oscillator 
period 
can 
be 
described 
by the 
following 
relationship: 


T asc 
= TRAMP + T DEADTIME 


where: 
TRAMP = C (Ramp 
Valley 
to 
Peak)/lcHARGE 


and: 
T DEADTIME = C (Ramp 
Valley 
to 
Peak)/IDIS 


An 
approximate 
expression 
for 
the 
oscillator 
frequency 
in fixed 
frequency 
operation 
(where 
V(VCO) 


= VREF) is: 


2.48 


Fasc=-- 


RTCT 


CLOC~ 


To --J J-- 


RAMP 
PEAK 
-~--- 
---- 
- 
CT- ---- 
----- 
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Figure 3. Oscillator Frequency vs V(VCO) 
(RC = 6.21<0, 1000pF) 
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ERROR AMPLIFIER 


The ML4809 error amplifier is a 3.5MHz bandwidth 
6V/fJsslew rate op-amp with provision for limiting the 


positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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OUTPUT DRIVERSTAGE 


The ML4809 Output 
Driver is a 2A peak output high 


speed totem pole circuit designed to drive capacitive 
loads, such as power MOSFETtransistors. 


SOFT START,CURRENTLIMIT,AND RESETDELAY 


The ML4809 employs two current limits. When the 
voltage at pin 15 (I(L1M)/SD.)exceeds 1.1Y,the outputs 
immediately pull low and the cycle is terminated for 
the remainder of the oscillator period by resetting the 
RSflip flop. 


If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 15 
reaches 1.5V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 11) is 
discharged and outputs are held "off" until the voltage 
at pin 11 reaches 1.1Y,ensuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 11. 


~ 
15 


5 
(1 
10 


o 


o 
40 
80 
120 
160 
200 


TIME 
(nsl 


~ 
15 
5J 
10 


o 


o 
100 
200 
300 
400 
500 


TIME 
(ns) 


40 


35 
... 
~ 
30 
.. 
;:;J 
25 
u 
~ 


20 


~ 
15 


I 
10 
~ 


r- 
........• 


........• --- 
r--- 


o 
-60 -40 
-20 
0 
20 
40 
60 
80 
100 120 140 


TEMPERATURE 
10Q 


The ML4809 also includes a delay circuit which inhibits 
the outputs from coming on until a time determined 
by the RESETDELAYcapacitor on pin 12. This capacitor 
is normally charged to a voltage equal to VPIN11 - .7V 
and is limited to VREF.After the 1.5V limit is reached, 
the capacitor is allowed to slowly discharge through the 
9f.JA current sink. When this capacitor and the Soft Start 
Capacitor both have discharged to 1.1Y, the outputs are 
enabled and the new soft start cycle begins. During 
Under Voltage Lockout, both capacitors will be 
discharged to prepare for a new cycle. 


Since the emitter follower which drives pin 12 presents 
a load on Pin 11,the Soft Start Capacitor's effective 
value will be increased by: 


CEFFECT 
= CPIN11 + (CPIN12/ fJ) 


'Micro 
Linear 


where /3 varies from 50 to 250. Should this cause 
unacceptable variation on the soft start capacitor value, 
this effect can be mitigated by connecting a resistor 
from VREFto pin 11 to charge the Soft Start Cap (select 
a resistor which keeps the charge current below 2mA). 


Figure 12. Normal (Cycleby Cycle) and "Runaway" 


Current Timing 


TURN 
OFF 
DRIVERS 


INITIATE SOFT 
START 


CYCLE 


In the circuit in Figure 14, the ML4809 remains in a low 
quiescent drain (1.1mA)during T1 while C1 charges 
through 
R(S)to 16V.After Vcc rises to 16V the ML4809 
begins running. C1 provides the energy needed to run 
the gate drive and ML4809 until the auxiliary winding 
can provide sustaining energy for the control circuit, 
preventing C1 from draining below the 9V lockout 
threshold. The 7V of hysteresis in the Undervoltage 
Lockout circuit allows the ML4809 to start from a bleed 
resistor/capacitor easily. While the ML4809 is in the 
standby (Lockout) condition, aUTA and aUTB will be 
pulled low. 


In order to allow stable operation of a current mode 
regulator above 50% duty cycle, some of the oscillator 
ramp needs to be added to the current signal. 


Notice that the waveform of (1) and the waveform of 
ramp (2) have different average current values. (1) is an 
example of a waveform for high line and (2) an 
example of low line. Since the controllers all regulate 
based on the peak value of the current in the circuit, 
and the control variable really wants to be the average 
current, adding some of the oscillator ramp to 
comparator input (shown here for clarity as a 
subtraction of the comparator reference input, which is 
the output of the error amplifier) allows the peak 
current control to more closely approximate the 
average current. 
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In the actual implementation, 
an external 
resistor (pin 


23) sets a current 
which 
will 
be equal to VRAMp/R1and 


will appear on the comparator 
input 
pin. Since the 
sense resistor is a low impedance 
point, putting 
another 
resistor (R2) in series with the VSENSEpin (10) 


causes a voltage to add to the ramp voltage which 
is 
equal to VRAMP(R2/R1). 


I 
VE~Z= 
~----- 


MAIN COMPARATOR BLANKER 


When 
CMP IN (EA OUT) is at a low level, spikes which 


occur 
on RAMP (which 
is connected 
to a current 
sense 
resistor or transformer) 
when the power MOSFETs first 


turn 
on can cause the cycle to terminate 
early. The 
result of early termination 
can cause instabilities. Three 
problems 
occur 
which 
all contribute 
to this spike. 


1. Inductance 
in the sense resistor. 


2. Inter-winding 
capacitance 
in the transformer. 


3. Reverse recovery 
current in the rectifier 
in the 


opposite 
FET intrinsic 
diode 
(or from the secondary 
diodes). 


BlANKER 
DISABLES COMPARATOR 


"""~ 
,~'" 
nM' r\--= 
th_- ~ 


INDUCTANCE 
DIODE 
RECOVERY 


The first two problems 
usually cause a fairly short spike 


which 
is easy to filter out with just a simple 
RC before 


the comparator 
input without 
causing unacceptable 


phase delay at the input, since there 
is not much 
area 


underneath 
the spike. The third 
problem 
can have 
significant 
energy, and a filter with a low enough 
pole 


to reduce the "spike" 
to a level low enough 
not to 
cause early cycle termination 
would 
cause excessive 


phase shif!. 


The solution 
is to provide 
a blanking 
pulse to the 
comparator 
at the beginning 
of the cycle. The width 
of 


this pulse is programmed 
by an external 
RC. When 
CLOCK IN is high, a buffer 
in the ML4809 charges the 
capacitor 
on pin 14 to 4Y. When 
CLOCK goes low, the 
capacitor 
discharges through 
the external 
resistor. The 


outputs 
are held low until the voltage at pin 14 falls 


below 
3.2Y. The buffer driving 
pin 14 is limited 
to SmA 


output 
current. 
The Blanking period 
can be calculated 


by the expression: 


T 
= RBLANKCBLANK 
BLANK 
2.83 


SYNCHRONIZATION INPUTS AND OUTPUTS 


When 
using the Clock (pin 7) or Q (pin 13) outputs, 
a 
SKO pull down 
resistor is recommended. 
These outputs 


are open emitters. Clock has an internal 
(37SJJA)current 


sink load while Q is unloaded. 
Both will exhibit 


significant 
timing 
skew due to PC board capacitance 
if 


not loaded. 


Clock Output 
and External Clock Input 


Used to synchronize 
multiple 
supplies. For 
synchronized 
operation 
of multiple 
ML4809's, tie the 
CLOCK OUT from the "master" 
to the CLOCK IN of 


the slaves. 


"JOgglePreset and Q Output 


In multiple 
supply systems, this is important 
for 
synchronization. 
To synchronize 
multiple 
chips, connect 


the Q output 
from the "master" 
ML4809 to the Preset 


Input of the "slave" in a "daisy chain". For non- 
synchronized 
operation 
this input would 
be connected 


to GND. 
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OTHER FEATURES 


FastShut Down Path from Current Limit to Outputs 


Provides a 30ns path to the outputs which begins to 
turn off the outputs while the longer latching path is 
propogating. In a normal UC1825, it can be as much as 
80ns until the over-current condition 
shuts down the 
outputs. 


Separate Error Amplifier Output Pin for loop Filtering 
Versatility 


This is especially useful for: 


1. Diagnostic purposes, to see what the chip is really 
doing, it is useful to break the feedback loop. 


2. High power supplies - 
current sharing: In system 


design with more than one supply running, in order 
to ensure that the supplies share current equally it is 
often necessary to have a "master" circuit control 
the PWM operation of each of the "slaves". This is 
most easily accomplished by an "or" (where the 
lowest output dominates) of the Error Amp outputs, 
which is impossible if the output of the amp is 
internally connected to the input of the comparator. 


ML4809 


::II:: 
470 
z:s 


~ 
220 


100 


COLANK 
(pF) 


APPLICATIONS 


Figure 19 shows the Ml4809 in a push-pull non-isolated 
application. Note the Schottky Diodes on pins 17 and 
20. These diodes are necessary in order to prevent 
transients from driving these pins negative with respect 
to GND which would cause the IC to malfunction. 


Care should be exercised in layout: 


1. Avoid Ground Loops. Use "star" grounding. 


2. Bypassthe Vcc line with a high frequency capacitor 
which is physically close to the Ie. 


3. Avoid running signal lines near power lines. 


4. Employ "ground planing". 


• 
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PART NUMBER 


ML480gep 
ML480geQ 
ML4809IP 
ML48091Q 
ML4809MJ 


TEMPERATURE 
RANGE 


ooe to +70oe 
ooe to +70oe 
-40oe to +85°e 
-40°C to +85°e 
-55°C to +125°e 


PACKAGE 


Molded 
DIP (P24N) 
Molded 
pee 
(Q28) 
Molded 
DIP (P24N) 


Molded 
pee 
(Q28) 


Hermetic 
DIP 024N) 
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Linear 


July 1992 
PRELIMINARY 


ML4810, ML4811 


High Frequency Power Supply Controller 


The ML4810 and ML4811 High Frequency PWM 
Controllers are optimized for use in Switch Mode 
Power Supply designs running at frequencies to 1MHz. 
The ML4810/11 
contain a unique overload protection 


circuit which helps to limit stress on the output 
devices and reliably performs a soft-start reset. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation and slew rate and bandwidth are maximized 
on the error amplifier. These controllers are designed 
to work in either voltage or current mode and provide 
for input voltage feed forward. 


A 1.1Vthreshold current limit comparator provides a 
cycle-by-cycle current limit. An integrating circuit 
"counts" 
the number of times the 1.1Vlimit was 


reached. A soft-start cycle is initiated if the cycle-by- 
cycle current limit is repeatedly activated. A reset delay 
function 
is provided on the ML4811.All logic is fully 
latched to provide jitter-free operation and prevent 
multiple 
pulsing. An under-voltage lockout circuit with 


7V of hysteresis assures low startup current and drives 
the outputs low during fault condition. 


The ML4810111are fabricated on a 40V bipolar process 
from the FB3480Power Supply Controller 
Array. 
Customized versions of this controller 
can therefore be 
easily implemented. Please refer to the FB3480 
datasheet for more information. These controllers are 
similar to the UC1825 controller, however these 
controllers 
include many features not found on the 
1825. These features are set in Italics. 


• Integrating 
Soft Start Reset 
• High Current 
(2A peak) Dual Totem Pole Outputs 


• Practical Operation 
to 1MHz (fosd 


• 5.1V,±1% Trimmed Bandgap Reference 
• Under 
Voltage Lockout with 7V Hysteresis 


• Soft Start Reset Delay (ML4811) 
• Oscillator 
Synchronization 
Function 
(ML4811) 


• Soft Start latch ensures full soft start cycle 
• Outputs 
pull 
low for undervoltage 
lockout 


• Accurately 
controlled 
Oscillator 
ramp discharge 
current 
• All timing currents "slaved" to R(T)for precise control • 


POWER 
Vc 
16 
OUlA 
,. 


OUlB 
17 


POWER 
GNO 
15 
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PIN CONNECTIONS 


ML4810 
16-Pin DIP 
ML4811 
20-Pin DIP 
ML4811 
20-Pin PCC 


INV 
RESET DElAY 
NI 
RESET DElAY 
S.1V REF 
EtA OUT I 
INV I S.1V REF 
NI 
S.1V REF 


VCC 
EtA OUT 
3 
2 
1 
20 
19 


RC(RESEn 
16 
VCC 


OUTB 
RCIRESEn 
OUTB 


ClOCK 
17 
OUTB 


POWER 
Vc 
ClOCK 
POWER 
Vc 
Rm 
16 
POWER 
Vc 


PWR GND 
Rm 
PWR GND 


cm 
1S 
PWR GND 
cm 
OU"l4. 
RAMP 
14 
OUTA 


RAMP 
GND 
9 
10 
11 
12 
13 
GND 
1(L1MltS.D. 
SOFT START 
SOFT START I 
OVP I GND 


IILlMltS.D. 
SYNC 
OVP 
SYNC 
1(L1MltS.D. 


TOP VIEW 
TOP VIEW 


PIN DESCRIPTION 
(pin numbers shown for ML4811) 


PIN NO. 
NAME 
FUNCTION 
PIN NO. 
NAME 
FUNCTION 


1 
INV 
Inverting input to error amp 
11 
OVP 
Exceeding 2.5V terminates the 


2 
NI 
Non-inverting 
input to error 
PWM cycle and inhibits the 


amp 
outputs 


3 
E/A Out 
Output 
of error amplifier and 
12 
l(lIM)/SD. 
Current limit sense pin. 


input to main comparator 
Normally connected to 
current sense resistor 
4 
RC(RESET) Timing elements for 
GND 
Analog Signal Ground 
Integrating Soft Start reset 
13 


5 
CLOCK 
Oscillator output. 
14 
OUTA 
High Current Totem pole 
output. This output 
is the first 
6 
R(T) 
Timing Resistorfor Oscillator- 
one energized after Power On 
sets charging current for 
Reset 


oscillator timing capacitor 
15 
PWR GND 
Return for the High Current 
(Pin 6) 


7 
C(T) 
Timing Capacitor for Oscillator 
Totem pole outputs 


16 
Vc 
Positive Supply for the High 
8 
RAMP 
Non-Inverting 
input to main 
Current Totem pole outputs 
comparator. Connected to 
17 
OUTB 
High Current Totem pole 
C(T) for Voltage Mode 
operation or to current sense 
output 


resistor for current mode 
18 
Vcc 
Positive Supply for the IC 
9 
SOFT START Normally connected to Soft 
19 
5.1V REF 
Buffered output for the 5.1V 
Start Capacitor 
voltage reference 
10 
SYNC 
A high going pulse terminates 
20 
RESETDELAY Timing Capacitor to determine 


the PWM cycle and discharges 
the amount of delay between 


C(T) 
fault 
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Supply 
Voltage 
(Pins 
18, 16) 
2sV 
Output 
Current, 
Source 
or 
Sink 
(Pins 
14, 17) 
DC 
O.5A 


Pulse 
(O.5pS) 
...•...•................................ 
2.0A 
Analog 
Inputs 


(pins 
1, 2, 8) 
-Q.3V 
to 
7V 


(pins 
9, 10, 11, 12, 20) 
-Q.3V 
to 
6V 
Clock 
Output 
Current 
(Pin 
5) 
. . . . . . . . . . . . . . . . . . .. 
-SmA 
Error 
Amplifier 
Output 
Current 
(pin 
3) 
SmA 


Junction 
Temperature 
ML4811M 
150°C 
ML48111, 
ML4810C, 
ML4811C, 
ML48101 
125°C 
Storage 
Temperature 
Range 
-6SoC 
to 
+1s0°C 


ML4810, ML4811 


Lead 
Temperature 
(Soldering 
10 sec.) 
+260°C 


Thermal 
Resistance 
(8JA) 


Plastic 
DIP 
.....................•................ 


Ceramic 
DIP 
. 


Plastic 
SOIC 
............•......•................ 


6SoC/W 
6SoC/W 
6SoC/W 


Temperature 
Range 
ML4811M 
..................•...•...... 
-55°C 
to 
+12SoC 


ML4811 I 
-4Q°C 
to 
+8SoC 


ML4810C, 
ML4811C 
O°C to 
+70°C 


Absolute maximum ratings are those values beyond which the device could be permanently damaged. Absolute maximum ratings are stress 
ratings only and functional 
device operation 
is not implied. Pin numbers given for ML4811. 


ELECTRICAL 
CHARACTERISTICS 


Unless 
otherwise 
specified, 
RT = 3.6sKO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 1sV. 


PARAMETER 
CONDITIONS 
~ 


Initial 
Accuracy 
TJ = 25°C (note 
1) 
360 
400 
440 
KHz 


Voltage 
Stability 
10V < Vcc < 25V, (note 
1) 
0.2 
4 
% 


Temperature 
Stability 
(note 
1) 
5 
% 


Total Variation 
line, 
temp. 
(note 
1) 
340 
460 
KHz 


Clock 
Out 
High 
3.9 
4.5 
V 


Clock 
Out 
low 
2.3 
2.9 
V 


Ramp 
Peak 
2.8 
V 


Ramp Valley 
1.0 
V 


Ramp Valley to Peak 
1.6 
2.3 
V 


Sync Input 
Threshold 
0.8 
1.0 
1.4 
V 


Sync Input 
Current 
VP1N 
10 = 4V 
/lA 


Output 
Voltage 
I Ml4810111C 
TJ = 25°C, 10 = 1mA 
5.00 
5.10 
5.2 
V 
I Ml4811M, 
Ml48101111 
5.05 
5.10 
5.15 
V 


line 
Regulation 
10V < Vcc < 25V 
2 
20 
mV 


load 
Regulation 
1mA < 10< 10mA 
5 
20 
mV 


Temperature 
Stability 
-55°C < TJ < 150°C. (note 
1) 
.2 
.4 
% 


Total Variation 


I Ml4810/11C 
line, 
load, 
temp. 
(note 
1) 
4.95 
5.25 
V 


I Ml4811M, 
Ml4810111I 
5.0 
5.20 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
/lV 


long 
Term Stability 
T1 = 125°C, 1000 Hrs (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREF = OV 
-15 
-50 
-100 
mA 


Under-Voltage 
lockout 
Section 


Start Threshold 


UVlO 
Hysteresis 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
RT = 3.65KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 15\1. 


PARAMETER 
CONDITIONS 
~ 


Start Up Current 
ML4810 
Vcc = 8V, TA ~ 
O°C 
2.0 
3.5 
mA 


Vcc 
~ 8V, TA < O°C 
2.5 
4.0 
mA 


ML4811 
Vcc = 8V, TA ~ 
O°C 
2.5 
4.0 
mA 


Vcc = 8V, TA < O°C 
3 
4.5 
mA 


Icc 
ML481 0 
VP1N 1. 7, 9 = OY, VP1N 2 = lV, TA = 25°C 
32 
46 
mA 


ML4811 
VP1N 1. 7, 9 = OY, VP1N 2 = 1V, TA = 25°C 
38 
55 
mA 


Input 
Offset 
Voltage 
±20 
mV 


Input 
Bias Current 
. 
.6 
3 
JlA 


Input 
Offset 
Current 
.1 
1 
JlA 


Open 
Loop 
Gain 
1 < Vo < 4V 
60 
96 
dB 


CMRR 
. 
1.5 < VCM < s.5v 
. 
65 
95 
dB 


PsRR 
10 < Vcc < 30V 
75 
90 
dB 


Output 
Sink Current 
VP1N 3 = 1V 
1 
2.5 
mA 


Output 
Source 
Current 
VP1N 3 ~ 4V 
-.5 
-1.3 
mA 


Output 
High 
Voltage 
IplN 3 ~ --O.5mA 
4.0 
4.7 
5.0 
V 


Output 
Low Voltage 
IplN 3 ~ 1mA 
0 
0.5 
1.0 
V 


Unity 
Gain 
Bandwidth 
(note 
1) 
. 
3 
5.5 
MHz 


Slew Rate 
(note 
1) 
- 
6 
12 
V/JiS 


Pin 8 Bias Current 
VP1N 8 = OV 
-1 
-5 
JlA 


Duty 
Cycle 
Range 
0 
75 
% 


Pin 3 Zero 
DC Threshold 
1.1 
1.25 
V 


Delay to Output 
(note 
1) 
50 
80 
ns 


Charge 
Current 
(pin 9) 
I ML4811 
Vp1N 9 = 1Y, VP1N 4. 12 = 0 
-35 
-55 
-75 
JlA 


Discharge 
Current 
(Pin 9) 
Vp1N 9 = 3Y, VP1N 4 > 2.5 
1 
5 
mA 


Vp1N 9 = 3Y, VP1N 12 > 1.65, VP1N 4 < 2 
1 
5 
mA 


Charge 
Current 
(pin 20) 
VP1N 20 = 1V 
1 
5 
mA 


Discharge 
Current 
(pin 20) 
Requires 
external 
discharge 
resistor 
0 
JlA 


Pin 12 Bias Current 
ML4810I11C 
OV < Vp1N 12 < 4V 
+15 
JlA 


ML4811M, ML4811I 
OV < VP1N 12 < 4V 
+10 
JlA 


Current 
Limit 
Threshold 
ML481 0 
1.2 
1.3 
1.4 
V 
, 


ML4811 
.95 
1.1 
1.3 
V 


Reset Threshold 
(pin 12) 
ML4810 
VP1N 4 < 2V 
1.60 
1.75 
1.90 
V 


ML4811 
VP1N 4 < 2V 
1.4 
1.50 
1.8 
V 


Delay to Output 
(note 
1) 
40 
70 
ns 


Pin 4 Charging 
Current 
i 
VP1N 12 ~ 2V 
120 
150 
180 
JlA 


Restart Threshold 
(Pin 4) 
2 
2.45 
3 
V 


OVP Shutdown 
Threshold 
(pin 11) 
2.4 
2.7 
2.8 
V 


OVP Input 
Current 
VP1N 11 = 3V 
40 
50 
60 
JlA 


Charge 
Current 
(Pin 8) 
ML481 0 
Vp1N 8 = 1V, Vp1N 4. 9 = 0 
-40 
-50 
-60 
JlA 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Unless otherwise specified, RT= 3.6SKO,CT = 1000pF,TA = Operating Temperature Range, Vcc = 1SV. 


PARAMETER 
I . 
CONDITIONS 
~ 


Output 
Low Level 
lOUT 
~ 20mA 
.25 
.4 
V 


lOUT 
~ 200mA 
1.2 
2.2 
V 


Output 
High 
Level 
lOUT 
= -20mA 
12.5 
13.5 
V 


lOUT 
= -200mA 
12.0 
13.0 
V 


Collector 
Leakage 
Vc 
= 30V 
100 
500 
pA 


Rise/Fall Time 
Cl = 1000pF, (note 
1) 
30 
80 
ns 


SOFT STARTAND CURRENTLIMIT - 
INTEGRATING 


SOFT STARTRESET 


The ML4810/11 
offers a unique system of fault detection 


and reset. Most PWM controllers 
use a two threshold 


method which relies on the buildup of current in the 
output 
inductor 
during a fault. This buildup occurs 


because: 


1. Inductor di/dt is a small number when the switch is 


off under load fault (short circuit) conditions, since 
VL is small. 


2. Some energy is delivered to the inductor 
since the 
IC must first detect the over-current 
because there is 


a finite delay before the output switch can turn off. 
~'-"'c_~~-~ 
VTHln--J - L - - J - L - - - 


-- 
SWITCH 
CURRENT 
--- 
DIODE 
CURRENT 


Figure 1. Current Waveforms for Slow Turn-Off System 


with Load Fault 


This scheme was adequate for controllers with longer 
comparator propagation delays and turn-off delays than 
is desirable in a high frequency system. For systems 
with low propagation delays, very little energy will be 
delivered to the inductor and the current "ratcheting" 
described above will not occur. This results in the 
controller 
never detecting the load fault and continuing 
to pump full current to the load indefinitely, causing 
heating in the output 
rectifiers and inductor. 


Figure 2. Current Waveforms for High Speed Systemwith 
Load Fault 


A method of circumventing 
this problem 
involves 


"counting" 
the number of times the controller 


terminates the PWM cycle due to the cycle by cycle 
current limit. 


When the switch current crosses the 1.1Vthreshold A1 
signals the F1 to terminate the cycle and sets F3, which 
is reset at the beginning of the PWM cycle. The output 
of F3 turns on a current source to charge C2. When, 
after several cycles, C2 has charged to 2.4SV,AS turns 
on F2 to discharge soft start capacitor C1. Charge is 
continually 
bled from C2 by R1. If a current surge is 
short lived (for instance a disk drive start-up or a board 
being plugged into a live rack) the control can "ride 


FROM ose. 
L......JL 


, 
FROM ose. 
..JLJl 
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out" the surge with the switch protected 
by the cycle 
by cycle limit. R1 and C1 can be selected to track 
diode heating, or to ride out various system surge 
requirements 
as required. 


If the high current demanded is caused by a short 
circuit, the duty cycle will be short and the output 
diodes will carry the current for the majority of the 
PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown 
during short-circuit 
when the output 


diodes are being maximally stressed. 


The ML4811 oscillator charges the external capacitor 
(CT)with a current (ISET)equal to 3iRT. When the 
capacitor voltage reaches the upper threshold (Ramp 


V(1)I- - 
- 
- 
- 
- 
- - -~---------==-- 


Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. A discharge of the oscillator can be initiated 
by applying a high level to the Sync pin. A short pulse 
of a frequency higher than the oscillator's free running 
frequency can be used to synchronize the ML4811 to 
an external clock. The pulse can be equal to the 
desired deadtime (TD) or the deadtime can be 
determined 
by IDISand CT, whichever 
is greater. 


The Oscillator period can be described by the 
following 
relationship: 


TOSC= TRAMP+ TDEADTIME 


TRAMP= C (Ramp Valley to Peak)/lsET 
TDEADTIME= C (Ramp Valley to Peak)/IQl 


where: 
and: 
r--- --- - - - ---------, 
m 
: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
'SET 
I 
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I 
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I 
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ERROR AMPLIFIER 


The ML4811 error 
amplifier 
is a 5.5MHz bandwidth 


12V1Jlsecslew rate op-amp 
with 
provision 
for limiting 


the positive output 
voltage swing (Output 
Inhibit 
line) 
for ease in implementing 
the soft start function. 


1.0nf 
V 


470pF 
..-/ 


lOOK 


FREQ 
1Hz) 


/ 
/ 
/ 
/ 
V 
/' 


~ 
o 
0.47 
... 


0.047 
0.47 
1.0 
2.2 
4.7 
10.0 
22 
47 
100 


CT (nF) 


0.2 
0.4 
0.6 
0.8 
1.0 


TIME 
(ps) 
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OUTPUT DRIVER STAGE 


The ML4811 Output 
Driver is a 2A peak output 
high 


speed totem 
pole circuit 
designed 
to quickly 
switch the 


gates of capacitive 
loads, such as power 
MOSFET 
transistors. 
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o 
o 
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(ns) 
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5 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 120 
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(ns) 


PART NUMBER 


ML4810CP 
ML4810CS 
ML4811CP 
ML4811CS 
ML4811IP 
ML4811MJ 


TEMPERATURE 
RANGE 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


-40°C to +8SoC 
-55°C to +125°C 


PACKAGE 


16-Pin MOLDED 
DIP (P16) 


16-Pin MOLDED 
SOIC (S16W) 
20-Pin MOLDED 
DIP (P20) 
20-Pin MOLDED 
SOIC (S20W) 
20-Pin MOLDED 
DIP (P20) 


20-Pin HERMETIC DIP U20) 


.~ 
Micro Linear 


'Micro 
Linear 
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ML4812 


Power Factor Controller 


The ML4812 is designed to optimally facilitate a "boost" 
type power factor correction 
system. Special care has 
been taken in the design of the ML4812to increase 
system noise immunity. The circuit includes a precision 
reference, multiplier, error amplifier, over-voltage 
protection, 
ramp compensation, as well as a high 


current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 


In a typical application, the ML4812functions as a 
current mode regulator. The current which is 
necessary to terminate the cycle is a product of the 
sinusoidal line voltage times the output of the error 
amplifier which is regulating the output DC voltage. 
Ramp compensation is programmable with an external 
resistor, to provide stable operation when the duty 
cycle exceeds 50%. 


• Precision buffered SV reference (±O.5'Yo) 
• Current 
Input Multiplier 
reduces external 
components 
and improves noise immunity 


• Programmable 
Ramp Compensation 
circuit 


• 1A Peak Current Totem-Pole Output 
Drive 


• Over-Voltage comparator 
eliminates output 
"runaway" 
due to load removal 
• Wide common 
mode range in current 
sense 


comparators for better noise immunity 


• Large oscillator amplitude 
for better noise immunity 
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PIN CONNECTIONS 


ML4812 
16-Pin DIP 


IISENSEI 
cm 


MUlJIPLIER 
SIGNALGND 


EAOUT 
SV 
VREF 


INV 
Vcc 


OVP 
OUT 


IISINEI 
PWRGND 


RAMPCOMP 
SHUTDOWN 


Rm 
CLOCK 
TOPVIEW 


ML4812 
20-Pin PCC 


I(SENSEIcm 
MUIJIPLIERI 
NC I SIGNALGND 


2 
1 
20 
19 
EAOUT 
18 
5V 
VREF 


INV 
17 
Vcc 
NC 
16 
NC 


OVP 
15 
OUT 


I(SINE) 
14 
PWRGND 


9 
10 
11 
12 
13 


RAMPCOMPI 
NC I SHUTDOWN 


Rm 
CLOCK 


TOPVIEW 


PIN DESCRIPTION (DIP) 


PIN NO. 
NAME 
FUNalON 
PIN NO. 
NAME 
FUNalON 


1 
I(SENSE) 
Input from the Current 
8 
R(T) 
Oscillator 
timing 
resistor pin. 


Sense Transformer 
(T1) to the 
A 5V source sets a current 
in 


PWM comparator 
(+). 
the external 
resistor which 
is 


2 
MULTIPLIER 
Output 
of Current 
Multiplier. 
mirrored 
to charge C(T). 


A resistor to ground 
on this 
9 
CLOCK 
Digital clock output. 


pin converts 
the current 
to a 
10 
SHUTDOWN 
A TIL 
compatible 
low level 
'i'oltage. This pin is clamped 
to 5V and tied to the PWM 
on this pin turns off the 


comparator 
(-). 
output. 


3 
EA OUT 
Output 
of error amplifier. 
11 
PWR GND 
Return for the High Current 
Totem pole output. 


4 
INV 
Inverting 
input to error 
12 
OUT 
High Current 
Totem pole 
amplifier. 
output. 


5 
OVP 
Input to over voltage 
13 
Vcc 
Positive Supply for the Ie. 
comparator. 


6 
I(SINE) 
Current 
Multiplier 
Input. 
14 
5V VREF 
Buffered 
output 
for the 5V 
voltage 
reference. 


7 
RAMP COMP 
Buffered output 
from the 
15 
SIGNAL GND 
Analog signal ground. 
Oscillator 
Ramp [C(T)). A 
resistor to ground 
sets the 
16 
C(T) 
Timing 
Capacitor 
for the 
current 
which 
is internally 
Oscillator. 


subtracted 
from the product 


of I(SINE) and I(EA) in the 
multiplier. 


'Micro 
Linear 


Supply 
Current 
(led 
.. .. .. .. 
. . . . . 
. 
30mA 


Output 
Current, 
Source 
or 
Sink 
(Pin 
12) 
DC 
1.0A 


Output 
Energy 
(capacitive 
load 
per 
cycle) 
5f..1J 


Multiplier 
I(SINE) 
Input 
(pin 
6) 
1.2mA 
Error 
Amp 
Sink 
Current 
(pin 
3) 
10mA 


Oscillator 
Charge 
Current 
2mA 


Analog 
Inputs 
(pins 
1, 4, 5) 
-D.3V 
to 
5.5V 
Junction 
Temperature 
150°C 


Storage 
Temperature 
Range 
-65°C 
to 
+150°C 
Lead 
Temperature 
(soldering 
10 sec.) 
+260°C 


Thermal 
Resistance 
(BJA) 
Plastic 
Chip 
Carrier 
(PCC) 
- 
Q 
60°C/W 


Plastic 
DIP 
- 
P 
......................•......... 
65°C/W 
Ceramic 
DIP 
- 
J 
65°C/W 


Temperature 
Range 
ML4812C 
O°C to 
+70°C 


ML48121 
-40°C 
to 
+85°C 


ML4812M 
-55°C 
to 
+125°C 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the 
device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 
are stress 
ratings 
only 
and 
functional 
device 
operation 
is not 
implied. 


ELECTRICAL 
CHARACTERISTICS 
Unless 
otherwise 
specified, 
RT = 14KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vee 
= 15V 
(note 
2), Pin 
numbers 
refer 
to 
16-pin 
DIP 
package. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Oscillator 


Initial 
Accuracy 
T) = 25°C 
91 
98 
105 
KHz 


Voltage 
Stability 
12V < Vcc < 18V 
0.3 
% 


Temperature 
Stability 
2 
% 


Total Variation 
line, 
temp. 
90 
108 
KHz 


Ramp Valley to Peak 
3.3 
V 


R(T) Voltage 
4.8 
S.O 
S.2 
V 


T) = 25°C, V PIN 16 = 2V 
78 
8.4 
9.0 
mA 
Discharge 
Current 
(pin 8 open) 
Vp1N 16 = 2V 
73 
8.4 
9.3 
V 


Clock 
Out 
Voltage 
Low 
RL = 16KO 
0.2 
0.5 
V 


Clock 
Out 
Voltage 
High 
RL = 16KO 
3.0 
3.5 
V 


Reference 
Section 


Output 
Voltage 
TJ = 2SoC, 10 = 1mA 
4.95 
5.00 
5.05 
V 


Line Regulation 
12V < Vcc < 25V 
2 
20 
mV 


Load Regulation 
1mA < 10< 20mA 
2 
20 
mV 


Temperature 
Stability 
0.4 
% 


Total Variation 
line, 
load, temp 
4.9 
5.1 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
IlV 


Long Term Stability 
T) = 125°C, 1000 Hrs (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREF = OV 
-30 
-85 
-180 
mA 


Error Amplifier 
Section 
, 


Input 
Offset 
Voltage 
±15 
mV 


Input 
Bias Current 
-0.1 
-1.0 
IlA 


Open 
Loop 
Gain 
1 < Vp1N 3 < 5V 
60 
75 
dB 


PSRR 
12V < Vcc < 25V 
60 
75 
dB 


Output 
Sink Current 
Vp1N 3 = 1.1\1, Vp1N 4 = 6.2V 
2 
12 
mA 


Output 
Source 
Current 
VP1N 3 = 5.0\1, VP1N 4 = 4.8V 
-0.5 
-1.0 
mA 


Output 
High 
Voltage 
IP1N 3 = -O.5mA, 
VP1N 4 = 4.8V 
" 
5.3 
5.5 
V 


Output 
Low Voltage 
IplN 3 = 1mA, Vp1N 4 = 6.2V 
0.5 
1.0 
V 


Unity 
Gain 
Bandwidth 
1.0 
MHz 


'Micro 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
RT = 14KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 15V (note 
2), 
Pin 
numbers 
refer 
to 
16-pin 
DIP 
package. 


PARAMETER 
CONDITIONS 
MIN 
I 
lYP 
MAX 
UNITS 


Multiplier 


I(SINE) Input 
Voltage 
I(SINE) = 500/lA 
.4 
.7 
.9 
V 


I(SINE) = 500/lA, PIN 4 = VREF - 
20mV 
460 
480 
510 
/lA 


I(SINE) = 500/lA, PIN 4 = VREF + 20mV 
3 
10 
/lA 
Output 
Current 
(pin 2) 
I(SINE) = 1mA, PIN 4 = VREF 
- 
20mV 
900 
950 
1020 
/lA 


I(SINE) = 500/lA, PIN 4 = VREF 
- 
20m'/, 
IP1N 7 = 50/lA 
455 
./lA 


Bandwidth 
200 
KHz 


PSRR 
12V < Vcc < 25V 
70 
dB 


OVP Comparator 


Input 
Offset 
Voltage 
Output 
Off 
, 


-25 
+5 
mV 


Hysteresis 
Output 
On 
95 
105 
115 
mV 


Input 
Bias Current 
-0.3 
-3 
/lA 


Propagation 
Delay 
150 
nS 


PWM Comparator: 
I(SENSE) 


Input 
Offset 
Voltage 
±15 
mV 


Input 
Offset 
Current 
±1 
mA 


Input 
Common 
Mode 
Range 
-{).2 
5.5 
V 


Input 
Bias Current 
-2 
-10 
/lA 


Propagation 
Delay 
150 
nS 


ILlM1T Trip Point 
VP1N 2 = 5.5V 
4.8 
5 
5.2 
V 


Output 
Section 


lOUT = -20mA 
0.1 
0.4 
V 
Output 
Voltage 
low 


lOUT = -200mA 
1.6 
2.2 
V 


lOUT = 20mA 
13 
13.5 
V 
Output 
Voltage 
High 
lOUT = 200mA 
12 
13.4 
V 


Output 
Voltage 
low 
in UVlO 
lOUT = -SmA, 
Vcc 
= 8V 
0.1 
0.8 
V 


Output 
Rise/Fall Time 
CL = 1000pF 
50 
nS 


V1H 
2.0 
V 


VIL 
0.8 
V 
Shut Down 
Input 
IIIJ VP1N 10 = OV 
-1.5 
mA 


IIH' Vp1N 
10 = 5V 
10 
/lA 


Under-Voltage 
lockout 


Start-Up 
Threshold 
15 
16 
17 
V 


Shut-Down 
Threshold 
9 
10 
11 
V 


VREF Good 
Threshold 
4.4 
V 


lOtal Device 


Start-Up, 
Vcc 
= 14V, T1 = 25°C 
.8 
1.2 
mA 
Supply 
Current 


Operating, 
T, = 25°C 
20 
25 
mA 


Internal 
Shunt 
Zener 
Voltage 
Ice = 30mA 
25 
30 
34 
V 


Note 1: This parameter not 100%tested in production but guaranteed by design. 
Note 2: Vcc is raised above the Start-Up Threshold first to activate the IC, then returned to 15V. 


'Micro 
Linear 


The ML4812 oscillator 
charges the external capacitor 


(CTl with 
a current 
(lSET)equal to S/RsET.When 
the 


capacitor 
voltage reaches the upper threshold, 
the 


comparator 
changes state and the capacitor 
discharges 


to the lower threshold 
through 
Q1. While 
the capacitor 


is discharging, 
Q2 provides a high pulse. 


The Oscillator 
period 
can be described 
by the 
following 
relationship: 


TOSC= TRAMP+ TDEADTIME 


T 
_ CT x VRAMPVALLEYTO PEAK 
RAMP- 
ISET 


T 
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OUTPUT DRIVER STAGE 


The ML4812 Output 
Driver 
is a 1A peak output 
high 
speed totem 
pole circuit 
designed 
to quickly 
drive 
capacitive 
loads, such as power 
MOSFET gates. 


Vcc? 
I 
SOURCE SATURATION- 
Vcc - 15V 


I 
ILO'.D TO GROUND) 
80", 
PULSED LO'.D 


TA - 25°C 
I 


120 Hz RATE 


TA - 
55°C 


./ 


-- 


"'" 
TA," 
55°C 
- - 
/ 1/ 


TA- poc- 


/ 
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ERROR AMPLIFIER 


The ML4812 error amplifier 
is a high open loop gain, 


wide 
bandwidth, 
amplifier. 
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"Micro 
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The ML4812 multiplier is a linear current input 
multiplier to provide high immunity to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way, small amounts of ground 
noise produce an insignificant effect on the reference 
to the PWM comparator. 


The output of the multiplier is a current proportional to: 


lOUToc I(SINE)x I(EA) 


where I(SINE)is the current in the dropping resistor, 
and I(EA)is a current proportional to the output of the 
error amplifier. When the error amplifier is saturated 
high, the output of the multiplier is approximately 
equal to the I(SINE)input current. 


The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output. The 
multiplier output is clamped to SV to provide current 
limiting. 


Ramp compensation is accomplished by subtracting 1/2 
of the current flowing out of pin 7 through a buffer 
transistor driven by Cm which is set by an external 
resistor. 
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UNDER 
VOLTAGE 
LOCKOUT 


On power-up the ML4812remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V.When 
Vcc drops below 10V,the UVLO condition is imposed. 
During the UVLO condition, the SV VREF pin is "oW; 
making it usable as a "flag" for starting up a down- 
stream PWM converter. 
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INPUT INDUGOR 
(Lt) SElEGION 


The central component 
in the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 
size. 


One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 


For the boost converter at steady state: 


VIN 
VOUT= --- 
(1) 
1 - DON 


Where DON is the duty cycle [TON/(TON + TOFF)]. The 
input boost inductor will dry out when the following 
condition 
is satisfied: 


VINDRY= [1 - DON (max)] x VOUT 


VINDRY:Voltage where the inductor dries out. 
VOUT: 
Output 
dc voltage. 


Effectively, the above relationsh ip shows that the 
resetting volt-seconds are more than setting volt- 
seconds. In energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 


The recommended 
maximum duty cycle is 95% at 


100KHz to allow time for the input inductor to dump 
its energy to the output capacitors. 


For example: 


if: 
VOUT= 380V and 
DON (max) = 0.95 


then substituting in (3) yields VINDRY= 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 


For a given output power, the instantaneous value of 
the input current is a function 
of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 


The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 


By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 


Step 1: Find minimum operating current. 


. 
1.414 x P1N(min) 


IIN(mln)PEAK= ------ 


VIN(max) 


VIN(max)= 260V 
P1N(min)= SOW 
then: 
IIN(min)PEAK= 0.272A 


Step 2: Choose a minimum current at which point the 


inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 


then: 
'LDRY= 100mA 


Step 3: The value of the inductance can now be found 


using previously calculated data. 


VINDRYx DoN(max) 
L1 =------ 
(5) 


'LORY 
x fosc 


20V x 0.95 
------=2mH 
100mA x 100KHz 


The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement 
is that the ramp compensation must 


be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 
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OPTIONAL 
ENHANCEMENT 
CI({ 
r--- 
R15 


I 


ell) + 
100~F 
25V 


I 
~J& Ns. 


Ll~~ll- 


1- Np 
2 
RpA 
360k 


R'B 
RpB 
180k 
150k 


GND 


C, 
IC, 
CT 2nF 
I~F 
'6 
630V 
C, 
15 
14 
Rc 


13 
10 
12 
11 
10 
IRF840 
8 
9 
I 
Ml4812 
C, 
CB 


~~ 
I 
RT 
O.1~F 
O.l~F 
Rsc 
75K 
I 
33K 


RM I 
I 
D. 
27k 
I 
R'B 
RSB I 
1 N5406 
I 
3.9k 
3.9k 
I 


NOTES: 
1. All 
UNSPECIFIED 
DIODES 
ARE 1N4148. 
2. All 
UNSPECIFIED 
RESISTORS ARE 1/4 WAn 
3. All 
UN5PECIFIED 
CAPN:.ITOR VOIJAGE 
RATINGS ARE 50V. 
4. ADJUST 
R,. 
AND 
RSA WITH CAUTION 
TO AVOID OVER VOIJAGE 
CONDITIONS. 


Q3 
• 2N2222 
OR EQUIVALENT 


GND 


P3 IS USED AT INITIAL TURN·ON 
TO 
CHECK THE IC FOR PROPER 
OPERATION. 


APPLY - 
16VDC. 


FIXED RESISTORS CAN BE USED FOR THE SENSING 
COMPONENTS. 
BELOW ARE 1% STANDARD 
RESISTORS THAT Will 
FORCE THE CORRECT 
OUTPUT 
VQlJAGES 
RIA, RIB, R4A, R4B • 178K 1% 


R2B' 
4.75K 
1%, R5B • 4.53K 
1%. 
USE JUMPERS 
INSTEAD 
OF R2A AND 
R5A (POTS) . 


••• 
FOR HIGHER 
POWER 
USE MORE Vcc 
DECOUPLING. 


~F 
OR MORE MAY BE REQUIRED 
AT 1KW lEVElS. 


Step 4: The presence of the ramp compensation will 


change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction 
the above value of L1 can be 
optimized 
after a few iterations. 


Gapped Ferrites, Molypermalloy, 
and Powdered Iron 


cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 


One ferrite core that is suitable at around 200W is the 
1I4229PLOO-3C8made by Ferroxcube. This ungapped 
core will require a total gap of 0.180"for this 
application. 


The oscillator timing components 
can be calculated by 
using the following 
expression: 


1.36 
fosc = --- 
(6) 


RTx CT 


For example: 


Step 1: At 100KHz with 95% duty cycle TOFF= SOOns 
calculate CT using the following 
formula: 


CT = TOFFx 1015= 1000pF 
(7) 
Vosc 


Step 2: Calculate the required value of the timing 


resistor. 
1.36 
1.36 
RT = ---- 
- ------ 
fosc x CT 
100KHz x 1000pF 


= 13.6KO choose RT= 14KO. 


CURRENT 
SENSE AND 
SLOPE (RAMP) 
COMPENSATION 


COMPONENT 
SELECTION 


Slope compensation 
in the ML4812 is provided 


internally. Rather than adding slope to the noninverting 
input of the PWM comparator 
it is actually subtracted 


from the voltage present at the inverting input of the 
PWM comparator. The amount of slope compensation 
should be at least 50010 of the downslope of the 
inductor 
current during off time as reflected to the 
inverting 
input of the PWM comparator. Note that 


slope compensation 
is required only when the inductor 


current 
is continuous 
and the duty cycle is more than 


50%. The downslope'of 
the inductor 
current at the 
verge of discontinuity 
can be found using the 
expression given below: 


VOUT - VIN DRY 


L 


380V - 20V 


2mH 


= 0.18A/ps 


The downslope 
as reflected to the input of the PWM 


comparator 
is given by: 


VOUT - V1NDRY 
SPWM= ------ 


L 


Rs 
x- 


Nc 


Where Rs is the current sense resistor and Nc is the 
turns ratio of the current transformer (T1) used. In 
general, current transformers simplify the sensing of 
switch currents especially at high power levels where 
the use of sense resistors is complicated 
by the amount 
of power they have to dissipate. Normally the primary 
side of the transformer consists of a single turn and the 
secondary consists of several turns of either enameled 
magnet wire or insulated wire. The diameter of the 
ferrite core used in this example is OS' (SPANG/Magnetics 
F41206-TC).The rectifying diode at the output of the 
current transformer can be a 1N4148 for secondary 
currents up to 7SmA average. 


Sense FETsor resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4812. 


The value of the ramp compensation 
(SCPWM)as seen 
at the inverting terminal of the PWM comparator 
is: 


2.5 
x RM 
SCPWM= ----- 
(11) 


RTx CT x Rsc 


The required value for Rsc can therefore be found by 
equating: 


SCPWM= Asc x SPWM 


where Asc is the amount of slope compensation 
and 
solVing for Rsc. 


The value of RM (pin 2) depends on the selection of Rp 
(pin 6) 


V1N(max)PEAK 260 x 1.414 
Rp = 
. 
---- 
= 750K 
(12) 


ISIN8peak) 
O.5mA 


VCLAMPx Rp 
4.9 x 750K 
RM = ---- 
---- 
= 28.8K 
(13) 
VIN(min)PEAK 
90 x 1.414 


The peak of the inductor 
current can be found 
approximately 
by: 


1.414x POUT 
1.414x 200 
ILPEAK= 
. 
---- 
= 3.14A 
(14) 


V1N(mln)RMS 
90 


Selection of Nc which depends on the maximum 
switch current, assume 4A for this example is 80 turns. 


VCLAMPx Nc 
4.9 x 80 
Rs = ---- 
= --- 
= 1000 
(15) 


ILPEAK 
4 


Where Rs is the sense res}stor, and VCLAMPis the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to SV. In actual 
application 
it is a good idea to assume a value less than 
5V to avoid unwanted current 
limiting action due to 
component 
tolerances. In this application VCLAMPwas 
chosen as 4.9V. 


Having calculated Rs the value SPWMand of Rsc can 
now be calculated: 


380V - 20 
100 


SPWM= 
x - 
= 0.225V/ps 
2mH 
80 


• 
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2.5 x RM 
Rse = 
(16) 
Ase x SPWMx RTx CT 


2.5 x 28.8K 


Rse = 
= 33K 
0.7 x (.225 x 106) X 14K x 1nF 


The following 
values were used in the calculation: 


RM = 28.8K 
RT = 14K 
Asc 
= 0.7 
CT = 1nF 


The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb 
if 1/4W 
resistors are available, two of 


them should be used in series. The input bias current 
of the error amplifier is approximately 
O.5j.lA, therefore 


the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W 
resistors have to be used the total power rating is 


112W.The operating power is set to be O.4W then with 
380V output voltage the value can be calculated as 
follows: 


R1 = (380V)2/0.4W 
= 360K 


Choose two 178K, 1% connected in series. 


Then R2can be calculated using the formula below: 


VREFx R1 
5V x 356K 


R2 = 
--- 
= 4.747K 
(18) 
VOUT- VREF 380V - 5V 


Choose 4.75K, 1%. One more critical component 
in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion 
on the input current 


waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 
1 
CF = 
(19) 
3.142x R1x BW 
1 
CF = ------ 
= O.44j.lF 


3.142x 356K x 2Hz 


The OVP loop should be set so that there is no 
interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above VOUT 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 


By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. ~ 
= 356K then Rs 
can be calculated as: 


VREFx R4 
Rs 
Vovp - VREF 


5V x 356K 
= 4.564K 


395V - 5V 


Choose 4.53K, 1%. 


Note that R1,Rb ~ 
and Rs should be tight tolerance 


resistors such as 1% or better. 


CONTROLLERSHUTDOWN 


The ML4812 provides a shutdown 
pin which could be 


used to shutdown the IC Care should be taken when 
this pin is used because power supply sequencing 
problems could arise if another regulator with its own 
bootstrapping 
follows the ML4812. In such a case a 
special circuit should be used to allow for orderly start 
up. One way to accomplish this is by using the 
reference voltage of the ML4812 to inhibit the other 
controller 
IC or to shut down its bias supply current. 


OFF-LINE START-UPAND BIAS SUPPLYGENERATION 


The ML4812 can be started using a "bleed resistor" 
from the high voltage bus. After the voltage on pin 13 
(Ved exceeds 16\0;the IC starts up. The energy stored 
on the 330j.lF,C15, capacitor supplies the IC with 
running power until the supplemental winding 
on L1 
can provide the power to sustain operation. 


The values of the start-up resistor R10and capacitor 
C15 may need to be optimized 
depending on the 
application. The charging waveform for the secondary 
winding 
of L1 is an inverted chopped sinusoid which 


reaches its peak when the line voltage is at its 
minimum. 
In this example, C9 = .1j.lF,C15 = 330j.lF, 


D8 = 1N4148 R10= 39K, 2W. 


ENHANCEMENT CIRCUIT 


The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
IEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under ,most 
steady state operating conditions. 


High frequency power circuits require special care 
during breadboard construction 
and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FIT, output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 


There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling 
is 


due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
D5, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 
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The 
second 
form 
of 
noise 
coupling 
is due 
to 
fast 


changing 
voltages 
(high 
dv/dt). 
The 
main 
source 
in this 


case 
is the 
drain 
of the 
power 
FET. The 
radiated 
noise 
in this 
case 
can 
be 
minimized 
by 
insulating 
the 
drain 
of 


the 
FIT 
from 
the 
heatsink 
and 
then 
tying 
the 
heatsink 
to 
the 
source 
of the 
FIT 
with 
a high 
frequency 


capacitor 
(CH 
in Figure 
11). 


The 
IC has two 
ground 
pins 
named 
PWR GND 
and 
Signal 
GND. 
These 
two 
pins 
should 
be 
connected 
together 
with 
a very 
short 
lead 
at the 
printed 
circuit 
board 
exit 
point. 
In general 
grounding 
is very 
important 
and 
ground 
loops 
should 
be 
avoided. 
Star 
grounding 


schemes 
are 
preferred. 


Reference 
Description 


C1, C4 
1/lF, 630V Film (250 VAC) 


C3, CH 
6.8nF 1KV Ceramic 
disk 


CS, C6 
680/lF 200V Electrolytic 


C8, C9 
.1/lF SOV Ceramic 


C10, C19 
1/lF SOV Ceramic 


C11 
. 
.001/lF SOV Ceramic 


C1S 
330/lF 2SV Electrolytic 


C16 
100/lF 2SV Electrolytic 


C17 
10/lF 2SV Electrolytic 


CF 
.47/lF SOV Ceramic 


CT 
.002J.IFSOV Ceramic 


D1, D2, 03, 
D4, D10 
1NS406 (Motorola) 


DS 
MUR8S0 
(Motorola) 


D6, D8, D9, 
1N4148 


D11, D12, D13 


F1 
SA 2S0V 3AG with 
clips 


IC1 
Ml4812CP 
(Micro 
Linear) 


l1 
2mH, 
4A IpEAK (see below) 


Q1 
IRF840 or MTPN8NSO 


Reference 
Description 


Q2 
lM781SCT 


Q3 
2N2222 
or equivalent 


R1A, R1B, R4A, R4B 
180KO 


R2A, RSA 
10KO TRIMPOT 
BOURNS 
3299 


-, 
or equivalent 


R2B, RSB 
3.9KO 


R3, R13 
22KO 


R6, R7, RPB 
1S0KO 
: ; 
, " 
.' 


R10 
39KO,2W 


R11 
33KO 


R12 
1KO 
r 


RG 
100 
. 


RM 
27KO 


RPA, R1S 
360KO 
., 


RS 
1000 


RSC 
33KO 


RT 
ZSKO 


T1 
SPANG F41206-TC 
Ns = 80, Np = 1 (see attached) 


Notes: All resistors 1/4W unless otherwise specified. Some reference designators are skipped (e.g. C2, C12, etc.) and do not appear on the 
schematic. 
These 
designators 
were 
used 
in previous 
revisions 
of the 
board 
and 
are 
not 
used on this revision. 
Additional 
information 


on key components is included in the attached appendix. 
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L1 - 
Main inductor: 


One of several toroidal cores can be used for L1: 


Material 
Manufacturer 
Part # 
Turns (#24AWG) 


Powdered Iron 
Micrometals 
T225-8/90 
200 


Powdered Iron 
Micrometals 
T184-40 
120 


Molypermalloy 
SPANG (Mag. Inc.) 
58076-A2 (high flux) 
180 


The T184-40 core above is the most economical, but 
has lower inductance at high current. This would yield 
higher ripple current and require more line EMI 
filtering. The value for RSC(slope compensation 
resistor 


on Pin 7) was calculated for the T225-8/90 and should 
be recalculated for other inductor 
characteristics. 
Selected pages of the Micrometals 
iron powder core 
data sheets are attached for your convenience. The 
core manufacturer also has additional applications 
literature available. 


A gapped ferrite core can also be used in place of the 
powdered 
iron core. One such core is a Ferroxcube 
core #4229PLOO-3C8.This is an un-gapped core. Using 
145 turns of #24 AWG wire, a total air gap of .180" is 
required to give a total inductance of about 2mH. Since 
1/2 of the gap will be on the outside of the core and 
1/2 the gap on the inside, putting a .09" spacer in the 
center will yield a .180"total gap. To prevent leakage 
fields from generating RFI,a shorted turn of copper 
tape should be wrapped around the gap as shown 
below: 


For production, 
a gapped center leg can be ordered 


from most core vendors, eliminating the need for the 
external shorted copper turn when using a pot core. 


T1 - 
SenseTransformer 


In addition to the core type mentioned 
in the parts list, 


the following 
Siemens cores should be suitable for 
substitution 
and may be more readily available in 


Europe. 


Material 
Size Code 
Part # 


N27 
R16/6.3 
B64290-K45-X27 


N30 
R16/6.3 
B64290-K45-X830 


The N27 material is for high frequency and will work 
better above 100kHz but both are adequate. In 
addition, 
Ferroxcube/Phillips 
Magnetics core 768T188- 
3C8 can be used. 


Manufacturer 
Phone Number 


SPANG/Magnetics Inc. 
(412)282-8282 


Micrometals 
(800) 356-5977 


Ferroxcube/Phillips 
Magnetics 
(818)998-7311 
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C1 
C2 
C3 


ll1F 
ll1F 
111F 
500V 
500V 
500V 


lN5406 
Ll-- 


56611H-- 


R1A 
R4A 
RPA 


180K 
180K 
360K 


R1B 
R4B 
RPB 
22K 


lOOK 
lOOK 
150K 


CF 
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NOTES: 
1. 
All 
UNSPECIFIED 
DIODES 
ARE 1 N4148. 


2. 
All 
UNSPECIFIED 
RESISTORS 
ARE 1/4 
WAIT 


3. 
ALL 
UNSPECIFIED 
CAPACITOR 
VOLTAGE 
RATINGS 
ARE 50Y. 


4. 
ADJUST 
R2A AND 
RSA WITH 
CAUTION 
TO AVOID 
OVER 
VOLJAGE 
CONDITIONS. 


Q) 
- 
2N2222 
OR 
EQUIVALENT 


AT INITIAL 
TURN-ON 
TO 
CHECK 
THE 
IC 
FOR 
PROPER 
OPERATION, 


APPLY - 
16VDC. 


FIXED 
RESISTORS 
CAN 
BE USED 
FOR 
THE 
SENSING 


COMPONENTS. 
BElOW 
ARE 
1% STANDARD 
RESISTORS 
THAT 
Will 
FORCE 
THE 
CORREa 
OUTPUT 
VOLTAGES 
R1A, 
R1B, R4A, 
R4B • 
178K 
1% 


R2B· 
4.75K 
1%, 
RSB = 4.53K 
1%. 
USE JUMPERS 
INSTEAD 
OF 
R2A AND 
R5A (POTS) . 


••• 
FOR 
HIGHER 
POWER 
USE MORE 
VCC DECOUPLING. 


I 


ML4812 


ORDERING 
INFORMATION 


PART NUMBER 


ML4812CP 
ML4812CQ 
ML48121P 
ML4812IQ 
ML4812MJ 


TEMPERATURE 
RANGE 


O°C to +70°C 
O°C to +70°C 


-40°C to +85°C 
-40°C to +85°C 
-55°C to +125°C 


PACKAGE 


MOLDED 
DIP (P16) 


MOLDED 
PCC (Q20) 


MOLDED 
DIP (P16) 
MOLDED 
PCC (Q20) 


HERMETIC DIP (J16) 
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Power Factor Controller 
Evaluation Kit 


The ML4812EVAL 
kit provides a convenient 
vehicle to 


evaluate the ML4812 
Power Factor Correction 
circuit. The 


board implements 
a 200W "boost" type power factor 


correction 
system. Special care has been taken in the 
layout of this PC board to provide adequate space for 
probes and a large area for ground plane to increase 
system noise immunity. 


This kit includes a blank PC board, schematic of a 
complete 
power factor correction 
system and 


specifications 
for the key external components 
necessary 
to build a prototype 
Power Factor Correction 
front end. 


The unit is designed to operate over 90VAC to 256VAC 
line range and can run from no load to a full 200W. 
Higher power levels can be achieved using this board by 
using larger external components. 


This boost mode converter 
is set to run with a 380V 
output and achieves power factors of better than. 99 over 
a wide range of input line and output load. 


• 
Power Factor> 
.99 


• 
Harmonic 
currents well below proposed IEC555-2 


limits. 


• 
90 to 256VAC input, 380V output to 200W 


• 
380VDC output to 200W 


• 
Over-Voltage 
Protection 


• 
Peak Current sense circuit 
protects Power MOSFET 


• 
PC board and ML4812CP controller 
included 


• 
Line and Load regulation 
better than 2% 


• 
Complete documentation 
and applications 
information 


• 
User's Guide 


• 
ML4812 
Datasheet 


• 
ML4812 
Sample 


• 
Evaluation Board 


• 
Powder Iron Toroidal Core 
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ILOAD 1 


1 __ 
1 


$~Micro Linear 


'Micro 
Linear 


July 1992 
PRELIMINARY 


ML4813 


Flyback Power Factor Controller 


The ML4813 is designed to optimally facilitate a 
discontinuous 
"fly back" or "buck-boost" 
type power 


factor correction 
system for low power, low cost 


applications. Special care has been taken in the design 
of the ML4813 to reject system noise. The circuit 
includes a precision reference, oscillator, error 
amplifier, over-voltage comparator, over-current 
comparator, and an extra op-amp as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 


In a typical application, the ML4813 functions as a 
voltage mode regulator. By maintaining a constant duty 
cycle, the current follows the input voltage, making the 
impedance of the entire circuit appear purely resistive. 
With the flyback circuit, power factors of .99 are easily 
achievable with a small output 
inductor and a 
minimum 
of external components. 


• Precision buffered SV.reference 
(±1%) 
• Extri\ op-amp for output 
voltage instrumentation 
amplifier 
• Over Current 
comparator 
for switch protection 


• Soft Start and 6V hysteresis under-voltage 
lockout 


for easy low surge off-line 
starting 
• 1 A Peak Current Totem-Pole' Output 
Drive 


• Over-Voltage 
comparator 
eliminates output 


"runaway" 
due to load removal 
• Large oscillator amplitude 
for better noise 
immunity 


• PC power supplies 
• Lamp Ballasts 


~ 
····"1 


. 
~~: 
~ 
6 


UNDER 
VOLTAGE 
lOCKOUT 


SIGNAl~ 


; 
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PIN CONFIGURATION 


ML4813 
ML4813 
16-Pin DIP 
16-Pin sOle 


16-PIN DIP 


I(L1MIT) 
cm 


1(L1MIT) 
C(T) 


SOFT START 
SIGNAL GND 
SOfT START 
SIGNAL GND 


COMP 
5V VREF 
COMP 
5V 
VREF 
V(FB) 
vcc 
VIFB) 
Vcc 


OVP 
OUT 
()liP 
OUT 


OAOUT 
PWRGND 
Q\ OUT 
PWR GND 
OA- 
SYNC 
Q\- 
SYNC 


OM 
R(T) 
Q\+ 
Rm 


TOP VIEW 
TOP VIEW 


PIN DESCRIPTION (DIP) 


PIN II 
NAME 
FUNCTION 
PIN II 
NAME 
FUNCTION 


1 
1(L1MIT) 
Current limit sense pin. Normally 
9 
R(T) 
Oscillator timing resistor pin. A SV 
connected 
to sense resistor. When 
source sets a current in the 
this pin exceeds 1\1,the PWM 
external resistor which is mirrored 


cycle is terminated. 
to charge C(T). 


2 
SOFT START Normally connected to a Soft Start 
10 
SYNC 
Input used to synchronize the • 


capacitor. 
oscillator to an external source. 


3 
COMP 
Output 
of error amplifier and 
11 
PWR GND 
Return for the High Current 


input to PWM comparator. 
Totem pole output. 


4 
V(FB) 
Control loop feedback voltage. 
12 
OUT 
High Current Totem pole output. 


S 
OVP 
Input to over voltage comparator. 
13 
Vcc 
Positive Supply for the IC 


6 
OA OUT 
Output 
of uncommitted 
op-amp. 
14 
SV VREF 
Buffered output for the SV voltage 


7 
OA- 
Negative input of uncommitted 
reference. 


op-amp. 
1S 
SIGNAL GND 
Analog signal ground. 


8 
OA+ 
Positive input of uncommitted 
16 
C(T) 
Timing Capacitor for the Oscillator. 


op-amp. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Absolute 
maximum 
ratings are those values beyond 
which 
the 
device 
could 
be permanently 
damaged. 
Absolute 
maximum 


ratings are stress ratings only 
and functional 
device 
operation 
is not implied. 


Junction 
Temperature 
. 
150°C 


Storage Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering 
10 sec.) 
+260°C 


Thermal 
Resistance 
(OIA) 


Plastic DIP or SOIC 
.....•.. 
.. 
65°C/W 


Supply 
Current 
(Icel 
..........................•..•..... 
40mA 


Output 
Current, 
Source 
or Sink (Pin 12) 


DC 
...........................................•... 
. .. 
1.0A 


Output 
Energy (capacitive 
load per cycle) 
.. 
. 
5J.1J 
Error Amp 
Sink Current 
(pin 3) 
10mA 
Oscillator 
Charge 
Current 
SmA 
Analog 
Inputs 
(pins 1, 3-8) 
............•........ 
-O.3V to 5.5V 


ELECTRICAL CHARACTERISTICS 
Unless otherwise 
specified, 
RT = 14KO, CT = 1000pF, TA = Operating 
Temperature 
Range, VCC = 15V (Note 2) 


Initial 
Accuracy 
TJ = 25°C 
90 
97 
104 
KHz 


Voltage 
Stability 
12V < Vcc < 18V 
0.3 
% 


Temperature 
Stability 
2 
% 


Total Variation 
line, temp. 
88 
108 
KHz 


Ramp Valley 
1.0 
V 


Ramp Peak 
4.3 
V 


R(T) Voltage 
4.8 
5.0 
5.2 
V 


Discharge 
Current 
(pin 8 open) 
TJ = 25°C, V PIN 16 = 2V 
Z5 
8.4 
9.3 
mA 


VPIN 16 = 2V 
Z2 
8.4 
9.5 
mA 


Sync Pulse Threshold 
.8 
1.4 
2.0 
V 


Sync Input 
Bias Current 
350 
800 
J.lA 


Output 
Voltage 
TJ ~ 
25°C, 
10 = 1mA 
4.95 
5.00 
5.05 
V 


Line Regulation 
12V < Vcc < 25V 
6 
20 
mV 


Load Regulation 
1mA < 10 < 20mA 
3 
20 
mV 


Temperature 
Stability 
.4 
% 


Total Variation 
line, load, temp. 
4.9 
5.1 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
J.lV 


Long Term Stability 
T1 = 125°C, 1000 Hrs, (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREF 
= OV 
-30 
-85 
-180 
mA 


Input 
Offset 
Voltage 
-15 
15 
mV 


Input 
Bias Current 
--D.1 
-1.0 
J.lA 


Open 
Loop 
Gain 
1 < VplN 3 < 5V 
60 
75 
dB 


PSRR 
12V < Vcc < 25V 
60 
70 
dB 


Output 
Sink Current 
VPIN 3 ~ 1.1V, VPIN 4 = 6.2V 
2 
12 
mA 


Output 
Source 
Current 
V PIN 3 ~ 5.0V, V PIN 4 ~ 4.8V 
-0.5 
-1.0 
mA 


Output 
High 
Voltage 
IPIN 3 = -O.5mA, V PIN 4 ~ 4.8V 
5.3 
6.4 
V 


Output 
Low Voltage 
IplN 3 = 2mA, VP1N 4 = 6.2V 
0.5 
1.0 
V 


Unity 
Gain 
Bandwidth 
1.0 
MHz 
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ElEORICAl 
CHARAOERISTICS (Continued) 
Unless 
otherwise 
specified, 
RT = 14KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 15V (note 
2) 


PARAMETER 
I 
CONDITIONS 
I 
MIN 
I 
TYP 
I 
MAX 
I-U-N-I-T-S- 


Un-Committed 
Op Amp 


Input 
Offset 
Voltage 
-10 
10 
mV 


Input 
Bias Current 
. 
-tl.l 
-2.0 
pA 


Input 
Offset 
Current 
-tl.35 
0.35 
/lA 


Open 
loop 
Gain 
; 
90 
dB 


PsRR 
80 
125 
dB 


Output 
High 
Voltage 
IplN 
3 ~ -10mA 
6.5 
8 
V 


Output 
low 
Voltage 
RLIP1N 6) = 10KO 
.2 
.5 
V 


Input 
Trip Point 
Output 
Off 
.8 
1.0 
1.2 
V 


Input 
Bias Current 
. 
-2 
-15 
/lA 


Propagation 
Delay 
150 
ns 


Input 
Trip Point 
- 
Output 
Off 
5.5 
5.6 
5.7 
V 


Hysteresis 
Output 
On 
100 
mV 


Input 
Bias Current 
-tl.3 
-3 
/lA 


Input 
Common 
Mode 
Range 
-tl.2 
5.5 
V 


Input 
Bias Current 
-2 
-10 
/lA 


Propagation 
Delay 
150 
ns 


Soft Start Section 


Soft Start Current 
(pin 2) 


Output Section 


Output 
Voltage 
low 
lOUT = 10mA 
0.1 
0.4 
V 


lOUT = 200mA 
1.2 
2.2 
V 


Output 
Voltage 
High 
lOUT = -20mA 
13 
13.6 
V 


lOUT = -2oomA 
12 
13.4 
V 


Output 
Voltage 
low 
in UVlO 
lOUT = SmA, Vcc 
= 8V 
0.1 
0.8 
V 


Output 
Rise/Fall Time 
<- •. 
CL = 1000pF 
50 
ns 


Start-up 
Threshold 
15 
16 
17 
V 


Shut-Down 
Threshold 
9 
10 
11 
V 


VREF Good 
Threshold 
4.4 
V 


Supply 
Current 
Start-up, 
Vcc 
= 14V 
.9 
1.5 
mA 


Operating 
20 
30 
mA 


Internal 
Shunt 
Zener 
Voltage 
Icc 
= 30mA 
25 
30 
34 
V 


Note 1: This parameter not 100% tested in production 
but guaranteed by design. 
Note 2: Vcc is raised above the Start-up Threshold first to activate the IC, then returned to 15V. 
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OSCILlATOR 


The ML4813 oscillator 
charges the external capacitor 


(CTl with 
a current 
(15fT)equal to S/RsfT. When 
the 
capacitor 
voltage reaches the upper threshold, 
the 
comparator 
changes state and the capacitor 
discharges 
to the lower threshold 
through 
Q1. While 
the capacitor 
is discharging, 
Q2 provides a high pulse. 


The Oscillator 
period 
can be described 
by the 
following 
relationship: 


TOSC = TRAMP+ TDEADTIME 


TRAMP= C (Ramp Valley to Peak) -;- 15fT 


TDEADTIME= C (Ramp Valley to Peak) -;- 


(8.4mA - 15fT) 


A pulse of a duration 
shorter 
than TDEADTIMEfrom an 


external frequency 
source set to a higher frequency 
than fosc can be applied 
to pin 10 to synchronize 
the 
oscillator. 
R(SYNC) and C(SYNC) shorten 
longer 
pulses. 


EXTERNALCLOCK 
GiNO 


R(SYNO 


-------------1 


1 
I 
I 
I 
CLOCK I 


OUT 
1 


I 
I 


I 
-= 
I 
______________ 
J 


C-----,LOCK n~n 
To--I I- 


RAMP PEAK -;~ 
- - //\- 
- - 
- .::;-'\- 
-- 


RAMP VALLEY _/_-- 
_V"_ - -\-- 


10K 
~ 
8K 
.. 
~ 
5K 
~ 
'-' 
3K 
z~ 
2K 
;:: 
li 
lK 


- 
- 
- 
- 
"\. 
-~- 
"\. 


~ 
- 
"\. 
"\. 


1"\.10nF 
--"" - -" 
1'\ 
\[ 
-1'<- 
- 
'\ 
T\ 
I\. 
'" 
20nF 
I- 
1'<-+ 
~ 


85% ~ 


" 
c: 


80% ~ 


Q 
70% 
1"\~ 
~ 
50% 


OUTPUT DRIVER STAGE 


The ML4813 Output 
Driver 
is a 1A peak output 
high 
speed totem 
pole circuit 
designed 
to quickly 
drive 
capacitive 
loads, such as power 
MOSFET gates. 


vcc7T 
SOURCE SATURATION- 
I 
VcC" 15V 
I 
ILQ\O TO GROUNO) 
80", 
PULSED LQ\O 


TA' 
25°C 
120 Hz RATE 


TA • _55°C 


./ 


--- "7 


TA' 
-55°C 
- 
~ 


/ .,,- 
TA' 
25°C- 


/ 
./ / 
SINK SATURAnON 


ILQ\~ 
TO vCl) 
fNO 
'\ 


~ -1.0 
~ 
0-2.0 
> 
Zo 
~ 
::> 
~ 
3.0 
~ 
I- 
2.0 
::>o 
~ 
1.0 
~ 


ERRORAMPLIFIER 


The ML4813 error amplifier 
is a high open loop gain, 
wide 
bandwidth, 
amplifier. 


VCC·15V 
Vo • 1.0V TO 5.0V 
Rl' 
lOOK 


lA'· 
25°C 


90 
~.. 
'"'" 
l20u~ 
<i 
150 


180 


1.0K 
10K 
lOOK 
!.OM 
10M 


f, FREQUENCY IHzl 


Error Amplifier Open-Loop Gain and Phase 


vs. Frequency 
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UN-COMMITTED OP-AMP 


The ML4813 contains an un-committed 
op-amp which 


is normally configured as a differencing amplifier to 
sense the output voltage. The output voltage in the 
flyback configuration 
is not ground referenced. The op- 


amp in the ML4813 is a PNP input amplifier similar to 
the LM324 but with an open emitter output stage (class 
A). 


UNDER VOLTAGELOCKOUT 


On power-up the ML4813 remains in the UVLO 
condition; 
output 
low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V.When 
Vcc drops below 10V,the UVLO condition 
is imposed. 
During the UVLO condition, the 5V VREF pin is "off': 
making it usable as a "flag" for starting up a down- 
stream PWM converter. 


..••....•.. 
IJ 
Vcc - 15V- 


1'--.... 


""""'" 
..••.. 


"i'-.. 


"A' 
-55'C- 


TA• 125'C 


TA-125'C 


~ 


t:5 -4.0 
z~ 
u -8.0 
~ 
~ 
-12 
tjz 
~ 
-16 


'"~ -20 
> 
<l 
-24 
o 


25 
1 
20 
...~ 
'"'" 
15 
:>u~~ 
10 
~ 
U:: 


J 


TA=125'C 


~ 


The ML4813 is used to implement a discontinuous 
mode flyback (buck-boost) power factor regulator. This 
topology is particularly well suited for low power 
applications such as:fluorescent ballasts; and low power 
switching supplies. Also it is a useful topology when 
there is a requirement for the output voltage to be 
lower than the peak input voltage, or where an isolated 
output 
is required. This is not possible with the boost 


topology, where the output voltage must always be 
higher than the maximum peak of the input voltage 
range. The typical input range for the flyback power 
factor regulator is from 90 VAC to 260 VAC. 


The regulator operates in the discontinuous 
inductor 
current conduction 
mode. The inductor energy stored 
during the "ON" time of the power switch Q is 
completely delivered to the output capacitance during 
the "OFF" time. At steady state conditions, the inductor 
current at the beginning of the "ON" time starts to 
ramp-up from 0 Amps to a value that is determined 
by 


the instantaneous value of the input full wave rectified 
voltage; the "ON" time as it is set by the error amplifier 
and the PWM comparator; and finally by the inductor 
itself (L). 


CONTROL 


CIRCUIT 
IMl4813l 
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The expression for the inductor 
peak current is given 


by: 


Id9) = The instantaneous peak inductor current. 
tON = Power switch "on" time. 
VIN(9) = Vp sin 9 = Instantaneous Input Voltage. 
Vp = Input Peak Voltage. 


Figure 10, is a diagram of the relationship between the 
low frequency envelope and the high frequency 
inductor 
current. Note that for clarity the scale between 


the two waveforms has not been preserved. Normally 
for 60Hz input line and 100KHz switching frequency, 
each half of the sine wave contains approximately 833 
high frequency triangular waveforms. 


- 
INDUcrOR 
CURRENT •••••••• SINUSOIDAL PEAK ENVELOPE 


-- 
SWITCH CURRENT 
--AVERAGE 
CURRENT 


Figure 10. Switch and line Currents in the 
Flyback PFC Circuit 


The envelope of the peaks of the switch current, which 
in this case represent the current drawn from the input 
source, have a sinewave shape. This relationship is 
shown as: 


Id9) = Ip sin 9 
(2) 


Combining 
(1) and (2) the following 
useful relationship 


is obtained: 


L Ip 
tON=--- 
(3) 


.J2 VRMS 


Note that VIN(9)= Vp sin 9, and also Vp ='.J2 VRMS'The 
average value of the input triangular current is: 


tON 
. 
IAVc(9l= - 
Ip Sin 9 
(4) 
2T 


IAVG= Average value of the switch current. 
This is the value of the current at the input of 
the regulator after filtering. 
tON = Switch "on" time. 
T = Period of the switch cycle. 


Substitution of (3) into (4) yields. 


L Ip2 
IAVc(9)= ---- 
sin 9 
(5) 
2.828 T VRMS 


Equation (5) clearly shows that the average value of the 
switch current is sinusoidal and in phase with the input 
voltage. The peak value of the average current is: 


L Ip2 


I 
G 
- ----- 
sin 9 
(6) 
AV (PEAK)- 
2.828 T VRMs 


.J2 PIN 


IAVG(PEAK) 
= -V-- 
(7) 


RMS 


Solving equations (7) and (6) for PIN: 


1 
PIN = - 
L Ip2 f 
(8) 


4 


For optimum 
performance and the lowest inductor 


peak currents, the inductor current should be at the 
verge of continuity 
at the lowest operating voltage 
point and at full load. The above can be satisfied if: 


VIN VOUT 
Ip :::: ----- 
(9) 


f L(VIN + VOUT) 


Where: V1N= .J2 x VIN MIN(RMS) 


Finally (8) and (9) can be combined 
to derive an upper 


bound for the inductor value that will guarantee that 
the regulator always stays in the discontinuous 
mode of 
operation. If the regulator were to operate in the 
continuous 
mode the average input current would 
not 


be sinusoidal. 


[ 


VIN VOUT 
]2 
L < 
------- 
(10) 


- 
2~ 
(VIN + VOUT) 


Equation (10) gives the upper bound for the inductor 
value for any set of specified operating conditions. 
Normally a few iterations may be required, for finaliZing 
the value. The reason for this is that equation (10) does 
not contain parameters to correct for second or third 
order effects. All this means that a good initial value for 
the inductor 
is probably 10 to 20% lower than the value 
calculated by the right hand side expression in (10). 


Several core materials are candidates for the inductor, 
such as: powder iron cores, gapped ferrites, moly 
permalloy cores, etc. In the application that will be 
described later, a gapped ferrite core is used. 


There are no particular restrictions on the inductor 
except that the inductance is of correct value and the 
losses are acceptable. 


The triangular high frequency current is bypassed by 
the input capacitor (CI) labeled C7 in Figure 12. This is a 
high quality film capacitor with low ESRvalue for 
minimum 
losses and heating. A polyester, 


polypropylene 
or x-type (for line side) is a good 
candidate. Typical values, depending on the power 
level, can range anywhere from 0.33J1Fto 1.5J1f. The 
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next filtering stage of the RFI filter which has an 
inductor 
as input isolates C7 from the other capacitors 
which may be present at the input circuit. Note that CI 
(C7) can be on either side of the bridge rectifier. The 
preferred location for low crossover distortion 
is at the 
input side. The voltage ripple across this capacitor is: 
D 
[p;" 
v'2 PIN 
VC(p-P)= Clf V U- Clf VIN 
(11) 


Where: 


VC(p-P)= Peak to peak worst case high 
frequency capacitor voltage. 
D = Switch Duty Cycle. 


Therefore the RFI filter that follows has to be able to 
attenuate Vc(P-P)to the levels set by the relevant 
regulatory specifications. 


Careful examination of the power circuits reveals that 
there is no large capacitance at the input of the 
regulator. The only capacitances present are the RFI 
filter capacitors. These capacitors have a combined 
value in the range of a couple of microfarads. Thus 
their ability to absorb and minimize any line induced 
transients is almost non existent. Transients can occur 
also under sudden load removal. If the line impedance 
is inductive, hazardous drain source voltages may be 
generated leading to the destruction of the power 
switch. To keep this from happening a transient over- 
voltage protection 
device should be chosen such that 


enough safety margin is allowed for the power switch. 
A good rule of thumb is: 


BVDSS> VZA + VOUTIOVP) 
(12) 


Where: 


BVDSS= Drain-Source breakdown voltage for 
the FIT. 
VZA = Activation or clamping voltage of the 
over-voltage transient protector. 
VOUT(OVP)= Maximum output voltage. This is 
set by the OVP function of the controller, and 
will be covered later. 


THE OUTPUT CIRCUIT 


The output 
circuit for this topology, although it is non- 


isolated, does not share the same ground with the 
power circuit. Therefore connecting the two grounds 
with the measuring leads of instruments should be 
avoided. This is a common mistake especially with the 
oscilloscope leads. 


The output voltage "rides" on the input voltage when 
the (+) output 
is measured with respect to PGND 


(figure 11). 


The extra OP-AMP provided in the ML4813 is used to 
sense the output voltage for regulation and over 
voltage conditions. This op-amp is connected as a 
difference amplifier with its output 
referenced to 
PGND. Resistors RH1, RH2, RL1, RL2 are used to scale 
down the voltage. 


~ 
~200V 


Figure 11. Output Voltage with Respect to PGND 


Normally RH1 = RH2 = RH and RL1 = RL2 = RL.Then 
the voltage designated as Vs in Figure 9 is given by: 


RL 
Vs = VOUT--- 
(13) 


RH + RL 


OUTPUT CAPACITANCE 


The output capacitance should be calculated such that 
it has the required output 
ripple at the worst case 


operating point. In addition the ESRshould be 
sufficiently low to prevent dissipation due to RMS 
currents. The first criterion can be met by choosing the 
value of the output capacitor based on the following: 


C 2': 
PIN 
(14) 


27TfL t:NR 
VOUT 


C = Total output capacitance. 
PIN = Total input power. 
.6.VR = Peak output capacitor ripple voltage. 
VOUT= Output 
Voltage. 


fL = Line Frequency times 2 (120 for 60Hz line). 


The second criterion for the selection of the output 
capacitor can be satisfied by choosing a component 
with adequately low ESRvalue, that can safely bypass 
the RMS currents. 


III 


OUTPUT DIODE 


The output diode can be a "fast" or ultrafast" type 
depending On the operating frequency. Reverse 
recovery losses are low since at steady state and under 
normal operating conditions the regulator operates in 
discontinuous 
current mode. The diode should be 


rated to handle the output current. The resulting power 
dissipation will be the forward drop of the diode times 
the output current. 


POWER SWITCH 


If a power FETis used, it should be sized for the 
required efficiency. Lower RDS(ON)devices will yield 
lower losses, but if they are operated at high 
frequencies (100KHz) higher charge dumping 
losses (1/2 
CDSVDS2f) will be experienced. The RMS current value 
through the power FETand the sensing resistor is: 
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P2 
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11 


----1 


I 


:n 
~ 
iil..• 


l2 


!" 
~~S 
w 
~ 


i+ 
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~ 
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n 
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JC12 
r- 
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_. 
:!:! 
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~ 
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CD 
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0 
~ 


RJ 


."~ 
0 


Rl0 


.. 
~ 
R25 
(JQ5- 


JC7 


~ 


V 


L Ip3 fL 
~ 
r 
k7T 
IRMS= 
---- 
2 sin2- 


3V2 VRMS 
k· 1 
r 


Where: 


IRMS= Total RMS current 
through 
the power 


FIT and sense resistor. 
fL = Line Frequency times 2 (120 for 60Hz line). 
r = fswlTCH/fL. 


Table 1 is provided 
to assist in calculating 
(15) above. 
When 
the power 
switch is a bipolar 
transistor (constant 


VCE drop) then the power 
dissipation 
produced 
can be 
calculated 
by using (16): 


0.9 
PIN 
PD = -- 
VCE 
(16) 
VRMS 


PD = Power dissipation 
by the transistor 


(conduction 
losses). 
VRMS= RMS value of the minimum 
input voltage. 
VCE = Collector 
Emitter forward 
drop of 


the power 
transistor. 


OFF-LINE 
START-UP AND 
BIAS SUPPLY GENERATION 


A fast starting circuit 
is shown in figure 
12. MOSFET Q2 
quickly 
charges the Ie's Vcc capacitor 
(C8) when 
the 
supply 
is initially 
turned 
on. This allows the supply to 
come on less than 1 second after AC power 
is applied. 
A simpler 
start-up circuit 
may be used which 
replaces 
the active circuit 
with a 39KO 2W resistor but starts 
more slowly (up to 15 seconds under low line 
conditions). 
Systems which 
do not require 
quick 


starting 
can reduce cost with the latter start-up 
method. 


fSWlTCH 
V, 
r 
k7T 


(KHz) 
2sin2- 
r 
k = 1 
r 


20 
167 
9.1 


30 
250 
11.2 
40 
333 
12.9 


50 
417 
14.4 


60 
500 
15.8 


70 
583 
1Z1 


80 
667 
18.3 
90 
750 
19.4 


100 
833 
20.4 


110 
917 
21.4 


120 
1000 
22.4 


130 
1083 
23.3 
140 
1167 
24.2 


150 
1250 
25.0 


160 
1333 
25.7 
170 
1417 
26.5 


180 
1500 
2Z3 
190 
1583 
28.0 


200 
1667 
28.9 


Some combinations 
of line and"load 
may exhibit 


distortion 
of the input 
current 
waveform. 
This distortion 


is usually caused by the inductor 
"ringing" 
with the 
CDS of the power 
MOSFEl; resulting 
in a non-zero 


inductor 
current 
at the beginning 
of the next cycle. 


This ringing 
can be dampened 
by using R2 and D7 in 
figure 
12. Applications 
which 
can get by with 
slightly 
worse power factor can eliminate 
these components. 


The error 
amplifier 
creates an error voltage from the 


difference 
between 
the output 
voltage presented 
on 


pin 6 and the 5V internal 
reference. 
Since the output 
voltage 
is not ground 
referenced, 
the ML4813's internal 
op-amp 
is connected 
as an instrumentation 
amplifier 
(figure 13). 


The output 
voltage is set by a combination 
of resistors 


which 
determine 
the relationship 
between 
(VOUT+ - 


VOUT-) and the output 
of the' op-amp 
(pin 6). For the 
following 
discussion, R15' = R15 + R16 and R14' = R14 + 
R13. The differencing 
amplifier 
operation 
depends 
on 


the following 
relationships: 


R15' = Ri4' 


and 
R12 = R25 + (R18 II R17) 


• 


TO ERROR 
AMP AND 
OVP 


Then: 


( 5V x R18 ) ( 
R15' 
) ( R14' 
) 


VOUT = 
R17 + R18 
R15' + R25 
R12 
+ 1 


Since R25 is a low value compared 
to R15', the second 


term 
reduces to approximately 
1. The third 
term 
is set 
at approximately 
200. Therefore 
the above equation 


reduces to: 


VOUT == 1000 x ( 
R18 
) 


R17 + R18 


The over voltage comparator 
has a threshold 
that is set 
for 1.12 x VOUT when pin 5 and pin 6 are connected 
directly. 
Figure 14 shows the connection 
for setting an 
OVP trip point 
higher than 1.12 x VOUT, where: 
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Figure 14. Setting OVP for a Vovp > 1.12 x VOUT 


( RA + RB) 
Vovp s= 1.12 x VOUT x 
~ 


Figure 15 shows OVP set for a voltage lower than 1.12 x 
VOUT where: 


( RD + R24) 
Vovp s= 1.12x VOUT x 
RD 


INDuaOR 
INFORMATION 


L3 is the flyback 
inductor 
and also provides the 


operating 
power 
for the control 
circuitry. 
A gapped 


ferrite 
pot core was chosen for this application 
for it's 
modest 
high frequency 
losses with 
high ripple 
current 


operation. 
Some possible choices are: 


Manufacturer 
Part II 
lOtal Gap 
Np 


Magnetics Inc. 
F43019 
.05" 
32 


Ferroxcube (Phillips) 
3019PlOO-3F3 
.05" 
32 


Ferroxcube (Phillips) 
3019PA12S-3CB 
.or 
38 


The first 2 cores are sold ungapped 
and require 
the 
use of a .025" spacer to gap the center 
leg to yield a 


total gap length 
of .05". If an ungapped 
core is used, a 


"shorted 
turn" 
should 
be employed 
as shown 
below 


(figure 16) to prevent 
radiated 
EM!. The third 
core listed 
is sold with 
its center leg pre-gapped 
(.01' total), hence 
the outside 
of the core closes completely 
providing 
shielding 
without 
the shorted 
turn being required. 
Ns 


should 
be 3 turns. All windings 
1124AWGwire. 


L1 and L2 inductors 
are constructed 
using a powdered 
iron. This is a suitable material for these inductors 
since 
the high frequency 
ripple currents 
(and resulting 
flux 


excursions) 
are much less severe than for L3. The core 


selected 
is: 


Manufacturer 
MicroMetals 


Part # 
T68-26D 


Turns 
80T #24AWG 


COMPONENT 
DESCRIPTION 


Cl, C2 
0.68JiF,630V 
C3, CS, C6 
.01JiF,lKV 
C4 
330JiF,2S0V 
C7 
1000pF, SOV 
C8 
1000JiF,16V 
C9 
lJiF, SOV 
Cl0 
6800pF, SOV 
Cll, 
C14 
O.lJiF, SOV 
C12 
4.7JiF,SOV 
C13 
0.22JJF,SOV 


Dl 
thru 
D4 
1NS406 
DS, D8 
lN4148 
D6, D7 
MUR460 


D9 
22V Zener, 1/4 W 


Fl 
3AG, 3A, 2S0V 


Heat Sink 
Thermalloy 
6398-U-P3 


Ll, L2 
SOOJiH,l.5A RMS 


L3 
160JiH, SA peak 
Ql 
MTH8N60 
Q2 
IRF821 
Q3 
2N2222 


Rl 
220KO 
R2, R19, R20 
4.3KO 


R3 
100 


R4 thru 
R9 
10 


Rl0 
1000 
Rll 
1.8KO 


R12 
4.02KO,1% 


R13 thru 
R16 
402KO,1% 


R17 
8060,1% 


R18 
2000 


R21 
S10KO 


R22, R23 
2KO 
R24 
100KO 


R2S 
3.83KO,1% 


Ul 
ML4813CP 
VRl 
TNR12G431KM 


Note: 
All resistor 
values 1/4 W ± 5% unless otherwise 
specified. 
All 


capacitor values ±10% unless otherwise specified. 


G~Micro Linear 


PART NUMBER 


ML4813CP 
ML4813CS 


TEMPERATURE 
RANGE 


O°C to +70°C 
O°C to +70°C 


PACKAGE 


Molded 
DIP (P16) 
Molded 
SOIC (S16W) 


ML4813 


G~Micro Linear 
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July 1992 
PRELIMINARY 


ML4815 


Zero Voltage Switching Resonant Controller 


The ML4815 is designed to facilitate zero-voltage 
switched (ZVS) resonant converters requiring constant 
off-time and variable on-time control. Since the power 
MOSFET is turned on at zero voltage in ZVS resonant 
converters, power dissipation due to charge-dumping 
of the MOSFET drain-source capacitance is eliminated, 
allowing high frequency operation and power density 
to be maximized. MOSFET parasitic drain-source 
capacitance can also be used as part of the resonant 
circuit, minimizing 
component 
count. 


The ML4815 features a monostable multivibrator 
for 


precise off-time setting. The on-time is modulated 
through a ramp comparator in a manner similar to 
PWM converters. Either current-mode 
control with 


maximum on-time clamp or voltage-mode control with 
input feedforward can be selected. 


ML4815 supports pulse-by-pulse (peak) current limiting 
as well as "hiccup" 
mode for fault protection. The 


controller 
is designed for operation up to 2MHz. 
ML481Salso includes a wide band error amplifier and 
a high peak current output driver which minimizes 
cross-conduction 
current. 


• Supports Single-Switch ZVS Resonant Topology 


with Minimal 
External Components 


• Ideal for Simple, High Density DC to DC 


Converters 


• Small Converter 
Frequency Variation from No-Load 
to Full-Load 
• High Current 
(2A Peak) Totem-Pole Output 
Drive 
with 
Low Cross Conduction 
• Precision Buffered S.1V Reference (±2%) 
• Wide band (S.5MHz), High Slew Rate (12V/JJ5lError 
Amp. 


• Under-Voltage 
Lockout with 
Low Current 
Start-Up 


• Integrating 
Fault Detection/Soft-Start 
Reset 


Q 
ONE 
SHOT 


TRIG 


-, 


I 
IL__ 


UNDER 
VOITAGE 
LOCKOUT 


---------, 
i SIGNAL~ 


I 
.". 
I 
I 
I 
II 
1.4V 
I 
L 
J 
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PIN CONNECTIONS 


Ml4815 


16-Pin DIP 


I6-PIN 
DIP 


INV 
VREFS.lV 


NI 
VCC 


Vc 


PGND 


I(UM) 
OUT 


ROCT 
GND 


RC 
RC IRES En 


FF 
SOFT 
START 


TOP VIEW 


Ml4815 
20-Pin PCC 


RAMP 


NC 


I(UM) 


RoCT 


'NV 
REF 


NV 
NC 
I 
Vcc 


3 
2 
1 
20 
19 


18 
Vc 


17 
NC 


16 
PGND 


15 
OUT 


14 
NC 
9 
10 
11 
12 
13 


Rc 
I ~~ I 
GND 


FF 
RC IRESEn 


TOP VIEW 


PIN DESCRIPTION 


PIN II 
NAME 
FUNCTION 
PIN II 
NAME 
FUNCTION 


1 
INV 
Inverting input to error amp. 
9 
SOFT START Normally connected to Soft Start 


2 
NI 
Non-inverting 
input to error amp. 
Capacitor and charging resistor. 


3 
EtA OUT 
Output 
of error amplifier and 
10 
RC (RESET) Timing Capacitor for over-current 


input to main comparator. 
integration and restart-delay. 


4 
RAMP 
Non-inverting 
input to main 
11 
GND 
Analog Signal Ground. • 


comparator. Connected to pin 8 
12 
OUT 
High Current Totem pole output. 


for feedforward voltage-mode 
13 
PGND 
Return for the High Current 
control or to pin 5 for current- 
Totem pole output. 
mode control. 


5 
I(UM) 
Current limit sense pin. Normally 
14 
Vc 
Positive Supply for the High 


connected to current sense resistor. 
Current Totem pole output. 


6 
RDCT 
Off-time setting capacitor and 
15 
Vcc 
Positive Supply for the IC 


resistor. 
16 
S.W REF 
Buffered output for the S.lV 


7 
Rc 
Resistor to pin 6 to limit CT 
voltage reference. 


charging rate. 


8 
FF 
Capacitor to generate feedforward 
ramp. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Absolute 
maximum 
ratings are those values beyond 
which 
the 


device 
could 
be permanently 
damaged. 
Absolute 
maximum 


ratings are stress ratings only 
and functional 
device 
operation 
is not implied. 


Supply 
Voltage 
(Pins 14, 1S) .................•...•........ 
30V 


Output 
Current, 
Source 
or Sink (Pin 12) 
DC 
O.5A 


Pulsed (O.5J.1s) 
2A 


Analog 
Inputs 
(Pins 1, 2, 4, S, 8, 9, 10) 
-O.3V to 6V 


Error Amplifier 
Output 
Current 
(pin 3) 
-SmA 
Soft Start Sink Current 
(Pin 9) 
.. .. .. 
.. . 
100mA 
Feedforward 
Sink Current 
(Pin 8) 
80mA 


CT Charging 
Current 
(Pin 7) 
-SOmA 


Junction 
Temperature 


Ml481SC 
12SoC 


Storage Temperature 
Range 
-6SoC to +1S0°C 


lead 
Temperature 
(Soldering 
10 see) 
+260°C 


Thermal 
Resistance (8IA) 


Plastic DIP 
6SoC/W 


Plastic Chip 
Carrier 
(PCC) 
60°C/W 


ELEORICAL 
CHARAOERISTICS 


Unless 
otherwise 
noted, 
these 
specifications 
apply 
for 
CT = 330pF, 
Rc = 1000, 
Ro = 2KO, 
VCC = 1SY, 


TA = Operating 
Temperature 
Range. 
Pin 
numbers 
refer 
to 
16-pin 
DIP. 


Output 
Voltage 
TJ 
~ 25°C, 10 ~ 1mA 
5.00 
5.10 
5.20 
V 


line 
Regulation 
. 
10V < Vcc < 30V 
2 
20 
mV 


load 
Regulation 
1mA < 10 < 10mA 
5 
20 
mV 


Temperature 
Stability 
-55°C < TJ < 125°C, (note 
1) 
.2 
.4 
% 


Total Variation 
line, load, temp 
(note 
1) 
4.95 
5.25 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
J.lV 


long 
Term Stability 
TJ = 125°C, 1000 hrs, (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREF 
~ OV 
-15 
-50 
-100 
mA 


Input 
Offset 
Voltage 
20 
mV 


Input 
Bias Current 
.6 
3 
J.lA 


Input 
Offset 
Current 
.1 
1 
J.lA 


Open 
loop 
Gain 
1 < Vo < 4V 
60 
96 
dB 


CMRR 
1.5 < VCM < 5.5V 
75 
95 
dB 


PSRR 
12 < Vcc < 25V 
75 
110 
dB 


Output 
Sink Current 
. 


VP1N 
3 = 1V 
1 
2.5 
mA 


Output 
Source 
Current 
VP1N 
3 = 4V 
-.5 
-1.3 
mA 


Output 
High 
Voltage 
IplN 
3 = -o.5mA 
4.0 
4.7 
5.0 
V 


Output 
low 
Voltage 
IplN 
3 = 1mA 
0 
0.5 
1.0 
V 


Unity 
Gain 
Bandwidth 
(note 
1) 
3 
5.5 
MHz 


Slew Rate 
(note 
1) 
6 
12 
V/J1S 


Pin 4 Bias Current 
VP1N 
7 
~ 0 
-0.7 
J.lA 


Pin 3 Zero 
DC Threshold 
Vp1N 
2 = 2Y, VP1N 1 = Vp1N 
3 
1.05 
1.20 
1.55 
V 


VP1N s = 0, Vp1N 
6 = 1.5V 
Vp1N 
8 = 2V 


Delay to Output 
CL = 0, (note 
1) 
55 
ns 


'Micro 
Linear 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Unless 
otherwise 
noted, 
these 
specifications 
apply 
for 
CT = 330pF, 
Rc = 1000, 
Ro = 2KO, 
Vcc 
= 1SY, 


TA = Operating 
Temperature 
Range. 
Pin 
numbers 
refer 
to 
16-pin 
DIP. 


Pin 5 Input 
Bias Current 


'. 


0< 
VP1N s < 4V 
2 
fJA 


Current 
Limit 
Threshold 
1.41 
'V 


Hysteresis 
30 
mV 


Delay to Output 
VP1N 10 = 0, CL = 0 (note 
1) 
50 
ns 


Off-Time 
Initial 
Accuracy 
CL = 0, TA = 25°C 
0.45 
fJS 


Off-Time 
Voltage 
Stability 
CL = 0, 12V < Vcc 
< 
25V 
5 
% 


Off-Time 
Temperature 
Stability 
CL = 0 (note 
1) 
5 
% 


Off-Time 
Total Variation 
CL = 0, line, temp 
(note 
1) 
6 
% 


Discharge 
Current 
VP1N 8 = 2.5V 
30 
mA 


On-Time 
Initial 
Accuracy 
Cff 
= 330pF, Rff = 2.7KO to VREf, 
1.0 
fJS 


CL = 0 


Pin 10 Charging 
Current 
-250 
fJA 


Overload 
Shutdown 
Threshold 
- 
2.3 
V 


Restart Threshold 
1.1 
V 


VP1N 9 = 4V 


VP1N 9 = 1V 


Input 
Bias Current 


Discharge 
Current 


Under-Voltage 
Lockout 
Section 


Start Threshold 


UVLO 
Hysteresis 


Output 
Section 
• 


Output 
Low 
Level 
lOUT = 20mA 
0.25 
0.40 
V 


lOUT = 200mA 
1.2 
2.2 
V 


Output 
High 
Level 
lOUT = -20mA 
13.0 
V 


lOUT = -200mA 
12.7 
V 


Rise/Fall Time 
CL = 1nF (note 
1) 
30 
ns 


Start Up Current 
Vcc = 8V, TJ = 25°C 
2.0 
3.0 
mA 


Vee = 8V, TJ = --40°C 
2.5 
3.5 
mA 


Operating 
Ice 
28 
38 
mA 
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Ml4815 
PRINTED 
CIRCUIT 
BOARD 
lAYOUT 
CONSIDERATIONS 


High speed circuits demand careful attention to layout 
and component 
placement. To assure proper 


performance of the Ml4815, follow these rules: 1) Use a 
ground plane. 2) Damp or clamp parasitic inductive 
kick energy from the gate of driven MOSFET.Don't 
allow the output pins to ring below ground. A series 
gate resistor or a shunt 1 Amp Schottky diode at the 


output pin will serve this purpose. 3) BypassVCG VG 
and VREF. 
Use 1pF monolithic 
ceramic capacitors for 
Vcc and Vc with low equivalent series inductance. 
Allow less than 1 cm of total lead length for each 
capacitor between the bypassed pin and the ground 
plane. 4) Treat the off-time setting capacitor, CT, like a 
bypass capacitor. 


Simplified 
Schematic 


,--- 
---- 
- ------ 
- - - - - --l 


I Ml4815 
I 
I 
I 
I 


100 


80 


60 


= 
40 
:g~ 
20 


-20 


"- 
"- 


'" 
,<V 


'" 
"- 
0 
f\ 
.••••..... 
1' 


0.2 
0.4 
0.6 
0.8 
1.0 


TIME IpS) 


-180 
100 
1K 
10K 
lOOK 1M 
10M 100M 


FREQ (Hz) 
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In current-mode 
control, the current transformer 


output is fed into the RAMP comparator input. The 
current-sense waveform is used as the on-time 


modulating ramp. The on-time can be clamped to a 
maximum by using RFFand CFFas shown. 


r---------------------, 
I 
I 
~~m 
I 
'm 
VIN~TAANI~p5V+.u 
16 


TON 
1 
J! 
- 
---n- - 
-= 
I 


--I 
-.A/L 
! 
fROM EtA OUT 


-= 
8 


I 
I 
I 
I 
I 
IL __ ~ 
J 


In feedforward voltage-mode control, the on-time 
modulating ramp is generated with an external 
capacitor CFFfrom pin 8 to the ground. CFFis charged 
through an external resistor RFF.The maximum on-time 


is the time taken to charge CFF to 3.7Y.Since the 
charging current,depends 
on V,N, the resulting 


maximum on-time vaties with V'N. 


r------------- 
i fROM~EtA OUT 


I 
I 
I 
- 


RAMP 
I 
.u 
4 
+ 


I 
1.25V 
: 
I 
I 
I 
I 
• 


I 
I 
- 
I 
L __- 
-l 
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~ 
15 
5 


~ 
10 


-0.2 
~ 
15 
5 


~ 
10 


o 


o 
40 
80 
120 
160 
200 


TIME (ns) 


When driving power MOSFETs with high equivalent 
gate capacitance (Ce > 3nF), it is advisable to use an 
external 1N4148 diode between Vcc and Vc pins (figure 
above) to reduce extra power dissipation caused by 
slow turn-off 
of Q7' In this case both Vcc and Vc pins 
should have bypass capacitors (C = 1jlF) as close as 
possible to the IC pins. 


V 
/" 


1/ 


/ 
SINK 


......-' 


// 
Il 
/ 
/ 


IOUT<N 


VOH Curve 


\ 
"- 


........ •.•.... 


...•..•. 


110 
J:! 
~ 
13.5 


:I: 
~ 
13 


12 
o 
0.2 0.4 0.6 0.8 
1 
1.2 1.4 1.6 


lOUT 
(A) 


f -IMHz 
TI • 150·C 
Ie - TOTEM-POLE 
DRIVER CURRENT 
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ONE-SHOT 


The figure below shows the detailed block diagram of 
the one-shot. The one-shot is programmed with 
external resistors Rc, Ro and capacitor CT. Assuming 
that ClK is low and Q2 conducts initially, the timing 
capacitor CT is charged to 4V through Rc and Q3. This 
corresponds to the switch conduction 
cycle (on-time). 
When either the feedforward ramp or the sensed 
current signal exceeds the error amplifier output 
voltage, a trigger pulse is sent to the one-shot, setting 
the R-S latch X2 and disabling Q3' CT is immediately 
discharged through Ro until CT voltage reaches the 
lower threshold 
(2V) of the Schmitt-trigger 
Xl' At this 
point, Xl output goes high, resetting X2.Ql turns off, 
allowing Q3 to recharge CT to 4V. This time interval 
corresponds to the switch off-time. Since the off-time is 
simply the discharge time of CT, one can express 


TOFF = 0.69 RoCT 


EAO 
RAMP 


1.25V 


TRIG 


The purpose of Rc is to slow the charging transient of 
CT in order to widen the internal reset pulse. Rc is 
usually chosen such that the following 
inequality is 
satisfied. 


~<0.05 
Rc+Ro 


• 
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r 
III 
I 
I 
I 


VREF + 0.488 
VOE 
: 


VOIAS 
= ---;;;------:?T- i 


~::-..L----L.L----L ! 


I 
CLKLJLSi 


rI 
I 
I,,L 
_ 


In current-mode control, the maximum on-time can be 
clamped by using the comparator X1 (figure above). The 
internal transistors 01, 02 and diode 02 discharges CFF 
to approximately VBE. The time taken to charge CFF 


( 
VREF + 0.488 
VBE 
) 
from 
VBE to VB1AS 
= ------- 
sets the 


1.488 


maximum on-time. The diode 01 compensates the VBE 
dependent 
CFF valley voltage. It can be shown that 


T ON(MAX) 
= 1.115 RFF CFF 


and TON(MAX) 
is relatively independent of temperature. 
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ML4815 features a unique overload protection scheme. 
The power transistor current is compared with the 
current-limit 
threshold (1AV) of X3. When the sensed 


current exceeds this threshold, the one-shot is triggered 
and the R-S latch X4 is set. The one-shot blanks the 
gate drive and X4 turns on the current source IF.The 
external capacitor CRD, which is normally fully 
discharged, is charged towards an overload threshold of 
2.3V. The packet of charge delivered to CRD in each 
over-current 
cycle is IF x TOFF (figure below). X4 is reset 


after the off-time elapses. If output short is removed 
before CRD reaches the overload threshold, CRD will be 
discharged through 
RRD and normal operation will 


resume. Under persistent output short circuit, CRD is 


charged until it reaches 2.3V. The gate drive is 
immediately terminated and the soft-start capacitor is 
discharged. CRD then discharges through 
RRD towards 


the restart threshold (1.1V). Gate drive remains off until 
CRD is discharged below 1.1V. The time taken for CRD 
to discharge to the restart threshold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting 
both the 


load and the controller. If overload persists, the 
controller 
will continue to hiccup until the cause of 
overload is removed. The controller 
undergoes soft-start 


at each restart. The overload shutdown and restart 
sequence for a converter with non-bootstrapped 
power 
supply Vcc is illustrated in figure. 
• 


Current Limiting Overload Shutdown and RestartSequence 
(Non-BootstrappedOperation) 


1.4V -------- 


IIUM) 


OV 


CRD 
CHARGING 
CURRENT 


RESTART 
DELAY 


!- 
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For a bootstrapped converter (where controller Vee is 
obtained from an auxiliary winding of the main 
transformer), overload shutdown causes both the 
converter output and the controller 
Vee to collapse. 
Undervoltage lockout (UVLO) is activated and the on- 
chip bandgap reference is disabled. ML4815 dissipates 
only 2mA of supply current during shutdown. Since 


1 
RBLEED 


'BLEED 


IBLEED 
is higher than the start-up current, Cs will be 
charged towards the UVLO start threshold. When this 
happens, the entire controller 
becomes operational 
except that the gate drive remains off. Ice jumps to its 
full operational value. Since Vee bootstrapping 
is not 
yet available, Ice will discharge Cs below the UVLO 
stop threshold. The on-chip reference will again be 
disabled with the controller supply current reduced to 
2mA. IBLEED 
will again charge Cs towards the UVLO 
start threshold. The process repeats until CRDis 
discharged below the restart threshold. The shutdown 
and restart sequence is illustrated with the timing 
diagram below. 


Overload Shutdown UVlO and Restart Sequence 
(Bootstrapped Operation) 
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50n 
ROC 


100 
Rc 
'''1 


2KO 
FF 


1330PF 


Ml4815 
R7 
2.3K 


2.7KO 


RH 
16 


I°.1/1F 


Vcc 


15 


Vc 


I°.1/1F 


14 


O.1/1FI I'O/IF 


13 
PCND 
-=- -=- 


Ml4815 
30KO 


OUT 
12 


CND 
11 


RC (RESET) 


10 
140KO 
SOFT 
START 


• 


'Micro 
Linear 


ML4815 


ORDERING 
INFORMATION 


PART NUMBER 


ML4815CP 
ML4815CQ 


TEMPERATURE 
RANGE 


O°C to +70°C 
O°C to +70°C 


PACKAGE 


Molded 
DIP (P16) 
Molded 
PCC (Q20) 
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'Micro 
Linear 


August 
1992 


ADVANCE INFORMATION 


ML4816 


High Frequency Multi-Mode 
Resonant Controller 


The ML4816 controller 
IC is suitable for a wide range 
of resonant converter topologies. This controller 
can 


be used with Zero Current Switched (ZCS) Quasi 
Resonant Converters (QRC) requiring 
constant on-time 


and modulated 
off-time, as well as frequency 
modulated 
converters such as Series Resonant 


Converters operating above resonance. 


The ML4816's oscillator features independent 
control 
of 


charging and discharging currents (on-time and off- 
time). Output 
frequency 
can be obtained either 


proportional 
or inversely proportional 
to the controlling 


voltage. In addition, 
both upper and lower frequency 
limits (fM1Nand fMAX)can be independently 
set. 


Both pulse-by-pulse and DC current limiting 
are 
provided for. Overload protection 
(shutdown) is 
triggered after a programmable 
delay time. Restart after 


overload shutdown 
can be delayed by a programmable 


time. Internal logic disables the gate drive until the 
oscillator is stable. 


The ML4816 includes under-voltage 
lockout with 6V 


hysteresis and high current high speed totem pole 
output 
drivers for high speed drive of external 
MOSFETs. 


• Supports Zero Current 
Switched 
(ZCS) Quasi- 


Resonant Converters 
• Supports Series Resonant (ZVS) converters 


operating 
above resonance 
• Wide 
oscillator 
frequency 
range 
• Programmable 
fM1Nand fMAJ(limits 
• Practical Operation 
to 2.5MHz (foscl 
• Low Start-up Current 
and Under-Voltage 
Lockout 


Circuits support 
Off-Line 
Operation 
• Pulse by Pulse or DC Current 
Limiting 


• Integrating 
Soft Start Reset (Fault Integration) 
with 


Programmable 
Restart Delay 
• High current 
(1.5A peak) totem-pole 
output 
drive 


• Precision buffered 
SV Reference (±1%) 


vcc 
VREF 
• 
VIOl 


VIFI 


RICI 
16 
VC 


Riol 
14 


OUIA 
cm 


FlliMI 


17 
OUTB 


15 
PWR GNo 


2 


ILOVERlOAo 
PROTECTION 
-------- 
1 


I(FBI 
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PIN CONFIGURATION 


ML4816 
ML4816 
20-Pin 
DIP 
20-Pin 
SOIC 


I(FBI 
20 
I(SENSE) 
IIFB) 
IISENSE) 


INV 
19 
V(REFJ 
INV 
V(REFJ 


EA OUT 
Vcc 


EA OUT 
lB 
Vcc 
IIL1MIOUT 
OUTB 


IIL1MIOUT 
17 
OUTB 
F(L1MI 
vc 


F(L1MI 
16 
vc 
VID) 
PWR 
GND 


V(D) 
IS 
PWR 
GND 
V(FJ 
OUTA 


RIO 
RC IRESEll 


V(FJ 
14 
OUTA 


R(DI 
SOFT 
START 


RIO 
13 
RC (RESET) 
cm 
GND 


R(DI 
12 
SOFT 
START 
TOP 
VIEW 


cm 
11 
GND 


TOP VIEW 


PIN DESCRIPTION 


PIN # 
NAME 
DESCRIPTION 
PIN # 
NAME 
DESCRIPTION 


1 
I(FB) 
Input for load current limit. 
9 
R(D) 
External resistor from this pin to 


2 
INV 
Inverting input to error amp. 
GND sets the oscillator discharge 


3 
EA OUT 
Output 
of error amplifier. 


current (off time). 


10 
C(T) 
Timing capacitor for Oscillator. 


4 
I(UM) OUT 
Output for load current limit 
amplifier. 
11 
GND 
Signal ground. 


5 
F(UM) 
A voltage input sets the 
12 
SOFT START Normally connected 
to Soft Start 


maximum on time for the timer. 
capacitor. 


6 
V(D) 
Controls the C(T) discharge 
13 
RC(RESET) Timing elements for Integrating 


current and oscillator off time. 
fault detection and reset delay 


Connected to error amplifier 
circuits. 


output for off-time modulation 
14 
OUTA 
High Current Totem pole 
and to V(REF)for constant off 
output A. 


time. 
15 
PWR GND 
Return for the High Current 
7 
V(F) 
Controls the charging current 
Totem Pole outputs. 
and oscillator on time. 
16 
VC 
Supply for the High Current 
Connected to error amplifier for 
Totem Pole outputs. 
on time modulation 
and 


connected to GND for constant 
17 
OUTB 
High Current Totem pole 
on time. 
output 
B. 


8 
R(C) 
External timing resistor to either 
18 
VCC 
Positive supply for the IC 


GND or V(REF)sets the charging 
19 
V(REF) 
Buffered output for the s.OV 
current (oscillator on time). This 
voltage reference. 


pin can either source or sink 
20 
I(SENSE) 
Primary current sense input for 
current. 
current limit. 
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Supply 
Voltage 
(pins 16, 18) 
30V 


Output 
Current, 
Source 
or Sink (pin 12) 


DC 
• .. 
O.5A 
Pulse (O.5ps) .............................•............. 
l.5A 
Analog 
Inputs 


(pins 1, 2, 5, 6, 7, 13) ....................•.... 
--D.3V to 6.3V 
Amplifier 
Output 
Currents 
(Pins 3, 4) 
SmA 


Soft Start Sink Current 
(Pin 8) 
............•........... 
100mA 


R(C) Current 
(pin 8) 
--D.5 to +O.5mA 
R(D) Current 
(Pin 9) 
-4mA 
Junction 
Temperature 
............•.................... 
150°C 


Storage Temperature 
Range 
......•...•..... 
--65°C to +150°C 


lead 
Temperature 
(Soldering 
10 sec.) 
.........••...... 
+260°C 


Thermal 
Resistance (eJA) 


Plastic DIP or SOIC 
65°CfW 


Temperature 
Range 
O°C to +70°C 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings 
only 
and 
functional 
device 
operation 
is not 


implied. 


ELEORICAL 
CHARAOERISTICS 


Unless 
otherwise 
specified, 
CT = 470pF, 
Vcc = 15V. Vcc 
is adjusted 
above 
the start threshold 
before 
settling 
at 15V. 


PARAMETER 


Reference Section 


Output 
Voltage 
TA = 25°C, 10 = -lmA 
4.90 
5.00 
5.10 
V 


line 
Regulation 
12V:S 
Vcc :s 25V 
2 
20 
mV 


load 
Regulation 
1mA :s 10 :s 10mA 
5 
20 
mV 


Temperature 
Stability 
TM1N:s TA:S 
TMAJ((note 
1) 
0.2 
0.4 
mVloC 


Total Variation 
. 
line, load, temp. 
4.85 
5.15 
V 


Output 
Noise 
Voltage 
10Hz < f < 10KHz 
50 
pV 


long 
Term Stability 
TJ = 125°C, 1000 Hrs (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREF = 0 
-40 
-70 
-100 
mA 


Non-Inverting 
Input 
Voltage 
2.37 
2.47 
2.57 
V 


Input 
Bias Current 
3 
pA 


Open.loop 
Gain 
1 :s Vo :s 4V 
60 
dB 


Unity 
Gain 
Bandwidth 
(note 
1) 
2.5 
2.8 
MHz 


PSRR 
12V :s Vcc :s 25V 
70 
dB 


Output 
Sink Current 
VP1N2 = 2.7Y, VP1N3 = 1V 
1 
2.8 
mA 


Output 
Source 
Current 
VP1N2 = 2.3V, VP1N3 = 4V 
--D.5 
-2.2 
mA 


Output 
High 
Voltage 
IP1N3 = --D.5mA 
5.0 
5.5 
6.0 
V 


Output 
low 
Voltage 
IplN 3 = lmA 
0.5 
1.0 
V 


Slew Rate 
8.5 
VIps 
• 


Non-Inverting 
Input 
Voltage 
0.145 
0.16 
0.175 
V 


Input 
Bias Current 
-1 
pA 


Open. loop 
Gain 
1 :s Vo :s 4V 
, 
65 
dB 


Unity 
Gain 
Bandwidth 
(note 
1) 
1.0 
1.5 
MHz 


PSRR 
12V :s Vcc :s 25V 
55 
dB 


Output 
Sink Current 
VP1N1 = lV, Vp1N4 = lV 
1 
1.6 
mA 
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ELECTRICAL CHARACTERISTICS 
(Continued) 


Unless 
otherwise 
specified, 
CT = 470pF, 
Vcc 
= 15Y. Vcc 
is adjusted 
above the start threshold 
before 
settling 
at 15V. 


PARAMETER 


Current-Limit 
Amplifier 
Section (Contin ued) 


Output 
Source 
Current 
Vp1N1 = Ov, VP1N4 = 4V 
-D.5 
-1.1 
mA 


Output 
High 
Voltage 
IplN 4 = -D.5mA 
6.0 
72 
8.0 
V 


Output 
Low Voltage 
IplN 4 = lmA 
. 
0.7 
1.0 
V 


Slew Rate 
(note 
1) 
0.9 
VlfJS 


Input 
Bias Current 
VP1N20 = 0 
.. 
-2 
IJA 


Current-Sense 
Threshold 
1.20 
1.25 
1.30 
V 


Delay to Pin 13 
.. 
(note 
1) 
.. 
80 
150 
ns 


Discharging 
Current 


Charging 
Current 


Overload 
Protection 
Section 


VP1N13 = 4V, VP1N12 = 1V 


VP1N13 = 0, VPIN 12 = lV 


Overload 
Threshold 
3.0 
3.2 
3.5 
V 


Restart Threshold 
1.0 
1.2 
1.4 
V 


Pulse-by-pulse 
Charging 
Current 
Vp1N20 = 1.35V, VPIN 13 = 2V 
-320 
IJA 


Current-limit 
Amp. 
Controlled 
Current 
VPIN 1 = 0, VPIN 13 = 2V 
VPIN 4 = lV 
-2.2 
mA 


VPIN 4 = 2.5V 
-D.9 
mA 


CT Minimum 
Discharging 
Current 
VplN 6 = 0, VPIN 10 = 3V 
15 
18.5 
22 
IJA 


CT Peak Voltage 
3.75 
V 


CT Valley Voltage 
2.1 
V 


R(C) Minimum 
Voltage 
VPIN5 = VPIN 7 = 0, 
O.446VREF 
0.455VREF 
0.464VREF 
V 


25KO from 
Pin 8 to GND 


R(C) Voltage 
8 
VP1N5 = 11 VREF, VP1N7 = 5V, 
O.713VREF 
0.727VREF 
0.742VREF 
V 


25KO from 
Pin 8 to GND 


R(D) Minimum 
Voltage 
VPIN 6 = 0, 3KO from 
Pin 9 to GND 
0 
V 


R(D) Maximum 
Voltage 
VPIN 6 = 5V, 3KO from 
Pin 9 to GND 
0.425VREF 
0.45VREF 
0.475VREF 
V 


TON 
TA = 25°C 
VPIN 5 = VplN 7 = 0, VPIN 6 = 3V, 
0.62 
0.68 
0.70 
fJS 


25KO from 
Pin 8 to GND, 


3KO from 
Pin 9 to GND 


Total Variation 
12V :s Vcc :s 25V (note 
1) 
0.60 
0.71 
0.79 
fJS 


TMIN:S 
TA:S 
TMAX 


Output 
Dead Time 
TA = 25°C 
VPIN 5 = VPIN 7 = 0, Vp1N6 = 5V, 
100 
120 
145 
ns 


(note 
1) 
25KO from 
Pin 8 to GND, 


3KO from 
Pin 9 to GND 


Total Variation 
12V:S 
Vcc :s 25V (note 
1) 
100 
120 
155 
ns 


TM1N:s TA:S 
TMAX 
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ELECTRICAL CHARACTERISTICS 
(Continued) 


Unless 
otherwise 
specified, 
CT = 470pF, 
Vcc 
~ 15V. Vcc 
is adjusted 
above 
the start threshold 
before 
settling 
at 15V. 


PARAMETER 


Voltage-Controlled 
Timer (Continued) 


Frequency 
fMAX(11 
VP1Ns = VP1N7 = 0, VP1N6 = 5V 
1.1 
1.2 
1.3 
MHz 
25KO from 
Pin 8 to GND 
3KO from 
Pin 9 to GND 


fM1N(1) 
VP1N5 = VP1N7 = 0, VP1N6 = 1.4V 
17 
22 
28 
KHz 
25KO from 
Pin 8 to GND 
3KO from 
Pin 9 to GND 


fMAJ«2) 


8 
MHz 
VP1N5 = 11 VREF,VP1N7 = 2Y, VP1N6 = 5V 
1.2 
1.45 
1.55 


22KO from 
Pin 8 to Pin 19 
3KO from 
Pin 9 to GND 


fM1N(2) 


8 
VP1N5 ~ 11 VREF,VP1N7 ~ 5Y, VP1N6 = 5V 
650 
800 
825 
KHz 


22KO from 
Pin 8 to Pin 19 
3KO from 
Pin 9 to GND 


Under Voltage lockout Section 


Start Threshold 


Stop Threshold 


Supply Current 


Start-Up 
Current 
Vcc 
= 15.5V 
1.2 
1.5 
2.2 
mA 


Operating 
Supply 
Current 
VP1N5 = VP1N7 = 0, VP1N6 = 5V 
26 
32 
38 
mA 
25KO from 
Pin 8 to GND 
3KO fr{)l";- Pin 9 to GND 


CLA = CLB = 0, TA ~ 25°C, 


TM1NS TA S TMAJ( 
53 
mA • 


Output 
Low Level 
ISINK= 20mA 
0.1 
0.4 
V 


ISINK~ 200mA 
0.7 
2.2 
V 


Output 
High 
Level 
IsouRcE ~ 20mA 
12.0 
13.5 
V 


. 
ISOURCE= 200mA 
11.5 
13.0 
V 


Rise Time 
CLA = CLB = 1nF (note 
1) 
60 
ns 


Fall Time 
CLA = CLB ~ 1nF (note 
1) 
60 
ns 
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OSCILLATOR 


The oscillator is the core of the ML4816 and is designed 
to allow the maximum flexibility. This oscillator can be 
used in two basic modes of operation: 


1. On time proportional 
to V1N,fixed off time with a 
maximum on time limit (where VIN is the output of 
the error amplifier). 
. 


2. Off time inversely proportional 
to VIN, fixed on time. 


-n_n 
, , 
, I 
, , 
I, 
i/N/\:! 
, 
I' 
, 
I I 


, 
I 
, 
, , 
, 
' , 
1..•••- 
TON ----..t 
I 
, , 
, , 


TOFF --"'l 
~..••- 


Variable Off-Time, Constant On-Time (Figure2) 


When using a variable off time control, V(D) is tied to 
the output of the error amplifier. Off time is given by 
equation (1) while the 16J1A current sink prevents the 
off time from becoming infinite, thereby providing an 
upper limit to TOFF of: 


Max (TOFF) = C(T) x 1.03 x 10s 
(2) 


The on time is giyen by: 
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-- -osCillAToR - -- - --; 


~RIOI 
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I 


6 
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:-------------------] 
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I 
I 


~EAOUT 
i J 


: 
2.5V 
: 
- 


I 
I 
I 
' 
I 
INV 
:, 
I, 


Figure 2. Variable Off Time, Constant On Time 


Oscillator Connections 


Rc 
• 25K 
Ro 
- 3K 
-Vcc 
- 15V 


-vo i0 I 
II 
./' 


./ 


The internal CLOCK signal, shown above, turns the 
outputs off at its rising edge. Clock remains high and 
Figure 2a. Max (TOFF) vs. CT 
the outputs stay off as long as C(T) is discharging. The 
discharge time (TOFF) of C(T) is: 


1.65 cm R(D) 
TOFF = 
10 (V(D) _ 2V) + 16J1A R(D) 
(1) 
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Vc • lSV 
nOpF 


Vo • 3V 
, 
RO' 
3K TO GNO 


VF -IVflIM 
""0 
/ 
/ 
lOOpF 
/ 
/ 
/ 
/ 
/ 
// 
/ 


/ 
/ 
// 


Variable On-Time, Constant 
Off-Time 


The on time (TON) is controlled 
by the current 
flowing 


from V(REF)through 
R(C) into B2. The output 
of B2 is 
internally 
limited 
to be no less than 2.2lY and no 


greater than F{L1M). 


:-------OSClltArOR 
- - -- --: 


I 
I 


9 
RIOI 
VIOl 
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I 
I 
cm 
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Figure 3. Variable On Time, Constant 
Off Time Oscillator 


Connections 
(TON Proportional 
to EA oun 


vcc 
- lSV 
;c 
VD 
= 1.8V 
220pF 
v, 
- SV 
/ 
Ro 
• 10K 


~ 
R, 
.' 8K 
/ 


lOOpF 


R, 
• 3K 1/ 
/ 
/ 
V 
/ 


1/ 
/ 


/ 


1/ 
/ 
V 


V 
/ 


Figure 3a. Minimum 
TON for Constant 
Off-Time 


8 
Configuration 
with VFlIM = - 
x VREF 


11 


The on time for figure 3 is given by: 


0.138 R(C) C(T) 


TON = 
V(REF)_ V(F) 
(4) 


The maximum 
on time is given by: 


0.138 R(C) C(T) 


TON(MAX)= V(REF)_ F(L1M) 


where 
F(L1M)> 2.27Y. The minimum 
·on time is: 


TON(MIN)= 0.0506 R(C) C(T) 


ERRORAMPLIFIER 


The ML4816 error amplifier 
is a 2.5MHz bandwidth, 


8.5V1fJSecslew rate op-amp 
with 
provision 
for limiting 


the positive output 
voltage swing to implement 
the soft 


start function. 
• 


The Error Amplifier 
input 
contains 
protection 
diodes as 


shown above. INV should 
not be driven 
lower than 
2.5V - VBEor higher than 2.5V + VBE. 
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Figure 5. Error Amplifier 
Open-loop 
Gain and 
Phase \IS. Frequency 


OUTPUT 
DRIVER 
STAGE 


The Ml4816 has two high current high speed totem 
pole output 
drivers each capable of 1.5A peak output, 
designed to quickly switch the gates of capacitive loads, 
such as power MOSFET transistors. 


~c~~5e~C. 15V 
w=== 
fose - 
lMHz 
--7 
II 


Figure 6a. Output 
Driver Current 
Consumption 1(0 
vs. Output 
load 
Capacitance 


135 ..• 


:I: 


'J(J ~ 
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.. 


~ 
4 
45 
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CURRENT 
liMn; 
FAULT DETECTION 
AND 
SOFT START 


The ML4816 has two modes of current limiting: 
Primary 


pulse-by-pulse over-current 
protection 
and secondary 


DC average current limiting. 


Primary Pulse-by-Pulse Current 
Limit Circuit 


In this mode, the primary current is compared with a 
1.25V threshold 
in comparator 
Xl. When the sensed 
current exceeds the 1.25V threshold of comparator 
Xl, 


the R-S latch X2 is set, turning 
on the 320tJA current 


source to charge CRST'IF1 remains on until CLOCK 
goes high (TOFF). When CRSThas charged to 3.2V, a soft 
start reset occurs. The number of times the outputs 
reach current limit are "remembered" 
on CRST.Over 
time, CRSTis discharged by RRSTproviding 
a measure of 
"forgetting" 
when the over-current 
condition 
no longer 
occurs. If the output fault is removed before CRST 
reaches 3.2V, CRSTdischarges slowly through 
RRSTand 
normal operation 
resumes. 
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TOFF 


eLK 
...fL 


X2 
Q 


R 


Secondaryde Current limit Circuit 


In secondary dc current-limiting, 
the currents in the 
output rectifiers are sensed, full-wave rectified and 
smoothed. The smoothed signal is fed into the current- 
limiting amplifier X3. If the sensed current is below the 
0.16V 
threshold, the output of X3 will go above VREF 


and 1F2 will be off. As the sensed current exceeds the 
current-limit 
threshold, VILO starts to fall and 


VREF - VILO - 2VBE 
IF2 ( "'" ------- 
) turns on. IF2 charges CRST 
noon 


towards the overload threshold (3.2V) 
of ~. 
CRST 


charging and temporary recovery through 
RRS: here are 


similar to the pulse-by-pulse over-current sensing case 
except that 1F2 is continuous. 


Under persistent output short circuit with either form 
of over-current 
protection, 
CRST is charged until It 


reaches 3.2V. The gate drives are immediately 
terminated and the soft-start capacitor Css is 
discharged. CRST then discharges through 
RRST toward 


the restart threshold (1.2V): 
Gate drives remain off until 


CRST is discharged below 1.2V. The time taken for CRST 
to discharge to the restart threshold is the resta.rt-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting 
both the 


load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload is removed. The controller 
undergoes soft-start 


at each restart. 


The overload shutdown and restart sequences for both 
over-current protection 
schemes with non-bootstrapped 
Vcc are illustrated in Figures 10 and 11. 


• 
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ML4816 


Figure 10. Over-Current 
Sensing, Overload Shutdown and 
Restart Sequence (Non-Bootstrapped Vccl 


(ZCS-QRC Transistor Current Shown) 


7Y 
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- 
- 
- 
- 
- 
- 
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3.2V - 
-[- 
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CRD 
I 
I 
I 
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I 
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I- 
OVER-~~~Ril~,~~NSING--J 
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Figure 11. Secondary dc Current Sensing, Overload 
Shutdown and Restart Sequence 


(Non-Bootstrapped Vccl 


For a bootstrapped 
converter, 
where 
controller 
Vce is 


obtained 
from 
an auxiliary Winding 
of the main 


transformer, 
(see Figure 12) overload 
shutdown 
causes 


both the converter 
output 
and the controller 
Vee to 
collapse. Undervoltage 
lockout 
(UVLO) is activated and 


the on-chip 
bandgap reference 
is disabled. ML4816 


dissipates only l.5mA 
during 
shutdown. 
Since 
IBLEED 
is 
higher than the start-up current, 
Cs will be charged 


towards the UVLO start threshold. 
When 
this happens, 
the entire 
controller 
becomes operational 
except that 


the gate drives remain off. Ice jumps to its full 
operational 
value. Since Vee bootstrapping 
is not yet 


available, Ice will discharge 
Cs below the UVLO stop 


threshold. 
The on-chip 
reference 
will again be disabled 


with the controller 
supply current 
reduced 
to l.5mA. 


IBLEED will again charge Cs towards the UVLO start 
threshold. 
The process repeats until CRST is discharged 


below the restart threshold. 
The shutdown 
and restart 


sequence 
is illustrated 
in Figure 13. 


The over-current 
timing 
and shutdown 
sequence 
can 


be disabled 
by grounding 
pin 13. 
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Figure 13. Overload Shutdown, UVLO and Restart 


Sequence (Bootstrapped Operation) 
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Auxiliary Output Current-Limiting (RC(RESETIPin Grounded) 


Constant current at power inverter output can be 
obtained by utilizing the current-limit 
amplifier with pin 


13 shorted to ground. The IlO pin is connected to the 
EAO pin through 
two external OR-ing diodes D1 and 


D2 (Figure 14). R1 is used as a pull-up resistor. The 
current-limiting 
loop activates and takes control 
if the 
voltage at the inverting input IFB of the current-limit 
amplifier exceeds the 160mV threshold and IlO is 
pulled below EAO.The schematic shows that either the 
main error amplifier or the current-limiting 
amplifier 


controls the switching frequency of the converter. :The 
voltage to the IFB pin comes from the output of a 
current sensor which produces a signal proportional 
to 
the output current. 


1 


: 
IF. 
~~W~?UTPUT 


I 
I 
I 
I 
I 
I 
:RClRES 
I13h 
, 
'T.l... 


1 
1 
-=- 


13 


RC(RESm 


First-Pulse Inhibit 


Ml4816 features a unique scheme to prevent input 
transformer from saturating during initial start-up. 
Before Vcc rises above the undervoltage lockout 
(UVlO) start threshold, the bandgap reference is 
disabled. Since the bias circuit of the timer requires a 
reference output of at least 4VBEto operate, the timing 
capacitor CT remains fully discharged. As Vcc crosses 
UVlO start threshold at to, the reference becomes 
enabled. The reference output 
rises at a rate 
determined 
by the reference short-circuit 
current and 


the external bypass capacitor. CT remains discharged 
until VREFexceeds 4VBE.There is no gate drive until 
VREFreaches the "reference-good" 
level (4.4V) (see 


Figure 16). Once VREFexceeds 4VBE(t1), CT is charged 
towards the upper threshold of the oscililator/timer. 
Although the gate drives are enabled at tz, the first- 
pulse inhibit latch continues to blank the outputs. This 
latch is reset when CT voltage crosses the upper 
oscillator threshold at t3. OUTA is gated on after the 
ClK pulse elapses. 


Without 
the first-pulse inhibit circuit, the first OUTA 


pulse would be on for time TONI which could be as 
much as 2 to 3 times longer than the desired TON time. 
The first-pulse inhibit latch ensures no abnormally long 
first gate drive pulse, independent 
of VREFrise time. 


) 
OVERlOt\D 
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221m 


51m 


1 
I(FBI 
1(5EN5E) 
20 


11m 


2 
INV 
V(REFI 
19 


50K 


501m 


51m 
3 
EAOUT 
VCC 
18 


21m 


4 
I(UMIOUT 
OUTB 
17 


101m 
5 
FiUMI 
VC 
16 


101m 
6 
V(DI 
PWR 
GND 
15 


-: 
7 
V(Fl 
OUTA 
14 


8 
R(Q 
RC(RESETl 
13 


"roI 


9 
R(DI 
SOFT 
START 
12 


31m 
GND 
11 
10 
cm 


CT 


470pF 


This test fixture is useful for exercising many of the 
ML4816's functions and measuring their specifications. 
As with any wideband 
circuit, careful grounding 
and 
bypass procedures should be followed. The use of a 
ground plane is highly recommended. 
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PART NUMBER 


ML4816CP 
ML4816CS 


TEMPERATURE 
RANGE 


O°C to +70°C 
O°C to +70°C 


PACKAGE 


Plastic DIP (P20) 


Plastic SOIC (S20W) 
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ADVANCE INFORMATION 


ML4817 


Single-Ended High Frequency PWM 
Controller 


The ML4817 High Frequency PWM Controller 
is 


optimized 
for use in single-ended Switch Mode Power 


Supply designs running at frequencies 
up to 1MHz. 
Propagation delays are minimal through 
the 


comparators and logic for reliable high frequency 
operation while slew rate and bandwidth 
are 


maximized in the error amplifier. This controller 
is 


designed to work in either voltage or current mode. 


A unique overload protection 
circuit helps to limit 


stress on the output 
devices. This integrating method 


of fault detection 
also provides for reset delay before 


restart. A 1.5V threshold current 
limit comparator 


provides cycle-by-cycle 
current 
limit. 


The ML4817 oscillator features accurately 
programmable 
dead time control 
to precisely limit the 


maximum duty cycle. 


The ML4817 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller 
Array. 
Customized versions of this controller 
are therefore 


easily implemented. 
Please refer to the FB3480 


datasheet for more information. 


• Practical Operation 
at Switching 
Frequencies to 


1MHz 
• High Current 
(2A peak) Totem Pole Output 


• Temperature 
Stable Precise Oscillator 
Frequency 


and Dead Time 
• Precision Maximum 
Duty Cycle Limit 
• Integrating 
Fault Detection 
with 
Reset Delay 


• Fast Shut Down 
Path from 
Current 
Limit to Output 


• Output 
Pulls Low for Under-Voltage 
Lockout 


BLOCK DIAGRAM 


RIO 


cm 
• 


UNDER 
VOLTAGE 
LOCKOUT 


SIGN~ 


..L 
~ 
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ML4817 


ML4817 
16-Pin sOle 
ML4817 
16-Pin DIP 


INV 


NI 


EtA OUT 


CLOCK 


RIO 
cm 


RIDI 


SOFT 
START 


RCIRESElJ 


5.1V 
VaEF 
vcc 


POWER 
GND 


OUT 


SIGNAL GND 


RAMP 


IllIMltS.D. 


PIN DESCRIPTION 


PIN II 
NAME 
FUNCTION 
PIN II 
NAME 
FUNCTION 


1 
INV 
Inverting 
input 
to error amp. 
10 
RAMP 
Non-inverting 
input 
to main 


2 
NI 
Non-inverting 
input to error amp. 
comparator. 
Connected 
to cm for 
Voltage Mode 
operation 
or to 
3 
EtA OUT 
Output 
of error amplifier 
and 
current 
sense resistor for current 


input to main comparator. 
mode. 


4 
CLOCK 
Oscillator 
output. 
11 
SIGNAL GND 
Analog Signal Ground. 
5 
R(C) 
Timing 
Resistor for Oscillator 
- 
12 
OUT 
High Current 
Totem pole output. 


sets charging 
current 
for oscillator 
13 
POWER GND 
Return for the High Current 
timing 
capacitor 
(Pin 6). 


6 
cm 
Timing 
Capacitor 
for Oscillator. 


Totem pole outputs. 


14 
Vcc 
Positive Supply for the Ie. 


7 
R(D) 
Resistor which 
sets discharge 
5.1 VREF 
Buffered output 
for the 5.1V 
current 
for oscillator 
timing 
15 


capacitor. 
voltage reference. 


8 
SOFT START Normally 
connected 
to Soft Start 
16 
RC(RESET) 
Timing 
elements 
for integrating 


Capacitor 
and charging 
resistor. 
fault detection 
and reset delay 
circuits. 
9 
1(L1M)tS.D. 
Current 
limit sense pin. Normally 
connected 
to current sense resistor . 


• ~Micro 
Linear 


ABSOLUTE 
MAXIMUM 
RATINGS 


Absolute 
maximum 
ratings 
are those values beyond 
which 
the 


device 
could 
be permanently 
damaged. 
Absolute 
maximum 


ratings are stress ratings only 
and functional 
device 
operation 


is not 
implied. 


Supply 
Voltage 
(pin 14) 
.......................•.......... 
30V 


Output 
Current, 
Source 
or Sink (Pin 12) 
DC 
O.5A 


Pulsed (0.5/lS) 
...............•.......•...•............ 
2.0A 


Analog 
Inputs 


(Pins 1, 2, 8, 9, 10, 16) 
-D.3V to 6V 


Clock 
Output 
Current 
(Pin 4) 
-SmA 
Error Amplifier 
Output 
Current 
(Pin 3) 
SmA 


50ft Start Sink Current 
(pin 8) 
..........•......•...... 
100mA 
Oscillator 
Charging 
Current 
(Pin 5) 
.....•.............. 
-SmA 


Junction 
Temperature 
..................•.............. 
125°C 


Storage Temperature 
Range 
............•... 
--65°C to +150°C 


Lead Temperature 
(Soldering 
10 see) 
+260°C 


Thermal 
Resistance ((fJA) 


Plastic DIP 
...........................•............ 
65°C/W 
Plastic SOIC 
......................•................ 
65°C/W 


ELECTRICAL CHARACTERISTICS 
Unless 
otherwise 
specified, 
R(C) = 25400, 
R(D) = 24700, 
CT = 470pF, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 15\1. 


Initial 
Accuracy 
TA = 25°C 
500 
525 
550 
KHz 


Voltage 
Stability 
12V < Vcc < 25V 
0.2 
% 


Temperature 
Stability 
(note 
1) 
TBD 
% 


Total Variation 
line, temp 
(note 
1) 
TBD 
TBD 
KHz 


Maximum 
Duty 
Cycle 
VPIN1 = 2.3V, VPIN2 = 2.5V 
VPIN 9 = VPIN 10 = Ov, TA = 25°C 
44 
45 
46 
% 


Maximum 
Duty 
Cycle 
line, temp 
(note 
1) 
42 
48 
% 


C(T) Discharge 
Current 
VplN 6 = 4V, VPIN 7 = 3V 
4.5 
mA 


Clock 
Out 
High 
4.0 
_ 
4.5 
V 


Clock 
Out 
Low 
2.2 
V 


Ramp Peak 
. 
3.75 
V 


Ramp Valley 
2.15 
V 


Ramp Valley to Peak 
1.60 
V 


Output 
Voltage 
TA = 25°C, 
10 = 1mA 
5.00 
5.10 
5.20 
V 


Line Regulation 
12V < Vcc < 25V 
2 
20 
mV 


Load Regulation 
1mA < 10 < 10mA 
5 
20 
mV 


Temperature 
Stability 
TMIN < TA < TMAJ(,(note 
1) 
.2 
.4 
mVloC 


Total Variation 
4.95 
5.25 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
JiV 


Long Term Stability 
TJ = 125°C, 1000 hrs, (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREF = OV 
-15 
-50 
-100 
mA 


'Micro 
Linear 


ELEORICAL 
CHARAOERISTICS 
Unless 
otherwise 
specified, 
R(C) = 25400, 
R(D) = 24700, 
CT = 470pF, 
TA = Operating 
Temperature 
Range, Vcc = 15V. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
I 
UNITS 


Error Amplifier 
Section 


Input 
Offset 
Voltage 
15 
mV 


Input 
Bias Current 
.6 
3 
IJA 


Input 
Offset 
Current 
.1 
1 
IJA 


Open 
loop 
Gain 
"'~ 
1 < Vo < 4V 
60 
95 
dB 


CMRR 
1.5 < VeM < 5.5V 
60 
95 
dB 


PSRR 
- 
12 < Vee < 25V 
80 
110 
dB 


Output 
Sink Current 
VPIN 3 = 1V 
1 
2.5 
mA 


Output 
Source 
Current 
VPIN 3 = 4.0V 
-.5 
-1.3 
mA 


Output 
High 
Voltage 
IplN 3 = -Q.5mA 
5.3 
V 


Output 
low 
Voltage 
IP1N 3 = 1mA 
0 
0.5 
1.0 
V 


Unity 
Gain 
Bandwidth 
(note 
1) 
3 
5.5 
MHz 


Slew Rate 
(note 
1) 
6 
12 
V/JiS 


Pin 10 Bias Current 
.. 
VPIN 10 ~ OV 
-1 
-5 
IJA 


Pin 3 Zero 
D.C. Threshold 
. 
VPIN 10 ~ OV 
1.08 
1.25 
1.45 
V 


Delay to Output 
(note 
1) 
,. 
50 
80 
ns 


Pin 8 Bias Current 


Discharge 
Current 


Current 
Limit/Shutdown 
Section 


VPIN 8 = 4V 


VPIN 8 = 1V 


Pin 9 Bias Current 
OV < VPIN 9 < 4V 
+10 
IJA 


Current 
limit 
Threshold 
VplN 
16 ~ OV 
1.35 
1.65 
V 


Delay to Output 
(note 
1) 
40 
70 
ns 


Pin 16 Shutdown 
Threshold 
2.05 
2.55 
V 


Pin 16 Restart Threshold 
r 
0.9 
1.3 
V 


Pin 16 Charging 
Current 
VP1N 9 = 2Y, VPIN 16 = 1.5V 
-150 
-210 
-275 
IJA 


Output 
low 
level 
lOUT = 20mA 
.25 
.4 
V 


lOUT = 200mA 
1.2 
2.2 
V 


Output 
High 
level 
lOUT = -20mA 
, 
12.0 
13.5 
V 


lOUT = -200mA 
11.5 
13.0 
V 


Rise/Fall Time 
, 
Cl = 1000pF, (note 
1) 
30 
60 
ns 


Under·VoItage 
Lockout Section 


Start Threshold 


UVlO 
Hysteresis 


Supply Current 


Start Up Current 
1.8 
2.5 
mA 


Ice 
VPIN 1 = 2.3Y, V PIN 2 = 2.5V 
VPIN 9, 10 = OY, Cl 
= 0, TA ~ 25°C 
34 
42 
mA 


"Micro 
Linear 


The ML4817 oscillator 
charges the external capacitor, 
CT, with 
a current 
(15fT) equal to 2/Rc. When 
the CT 


voltage reaches the upper threshold 
(Ramp Peak), the 


comparator 
changes state, turning 
off the current 


source and turning 
on the 4.5mA current 
sink which 
is 


voltage clamped 
to 1.05V by Q1. The capacitor 
then 


discharges to the lower threshold 
(Ramp Valley) with 
a 


time constant 
determined 
by Ro and CT. 


L 


Oscillator 
period 
can be determined 
by the following 


formula: 


(RAMP PEAK - VALLEY) CT Rc 
Tc = ----------- 
2 


TC = 0.8 (CT Rc) 


( 


RAMP PEAK - 1.05 
) 


To = ROCT In 
RAMP VALLEY _ 1.05 


To = 0.90 (ROCT) 


1 


since: 
f05C = --- 


Tc + To 


1 
f05C = ------ 


CT (.8Rc + .90Ro) 


Tc 
Duty Cycle = --- 


Tc+To 


1 


Duty Cycle = ----- 


1 + 1.12 ( Ro) 


Rc 


,------------.., 
I 
. 
I 


I 
I 


2V 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
L 
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Figure 3. Oscillator Frequency vs Ro = ~ 
1.03 


R(Q for 50% Duty Cycle 
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ERRORAMPLIFIER 


The ML4817 error 
amplifier 
is a 5.5MHz bandwidth, 


12V/JlS 
slew rate op-amp with 
provision 
for limiting 
the 


positive output 
voltage swing for ease in implementing 


the soft start function. 
\ 
r-..... 


......r---. ..•..... 


•.•....• 


~ 
13.5 


:l: 
~ 
13 


12.5 


12 o 
0.2 0.4 0.6 0.8 
1 
1.2 1.4 1.6 


IOU! 
(A) 


100 


80 


60 


iO 
40 


:!'! 
~ 
20 


-20 


" !'.. 


"V !'.. 


'" 
"-.. 
~ 
l' 
l"'--- 


0.5 
1.0 


lOUT 
(A) 


0.2 
0.4 
0.6 
0.8 


TIME 
i/JSI 


Figure 4. Unity Gain Slew Rate 


15 
~ 
5 
10 
~ 


OUTPUT DRIVER STAGE 


The ML4817 Output 
Driver is a 2A peak output 
high 


speed totem 
pole circuit 
designed 
to quickly 
switch 


capacitive 
loads, such as power 
MOSFET transistors. 


o 
o 
40 
80 
120 
160 
200 


TIME 
(n5) 


~ 
15 


5 
10 
~ 


100 
200 
300 
400 
500 


TIME 
(os) 


UNDER-VOITAGE LOCKOUT 


When 
Vcc 
is below 
13.8V, the IC draws very little 


current 
(1.8mA typ.) and VREFis disabled. When 
Vcc 


rises above 13.8V, the IC becomes 
active and VREFis 


enabled and will stay in that condition 
until Vcc falls 


below 
10.2Y. 


'Micro 
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CURRENT LIMIT, FAUIJ DETEOION AND SOFT START 


When the current (sensed on pin 9) reaches the 1.5V 
limit, the PWM cycle is terminated. The flip flop (figure 
10) turns on current source 1(1)to charge CRSTand 
remains on until CLOCK goes high. The magnitude of 
current source 1(1)is .25 x ISETwhere ISETis the 
oscillator charging current. When CRSThas charged to 
2.3Y, a soft start reset occurs. The number of times the 
PWM cycle is terminated 
due to over-current 
is 


"remembered" 
on C(RST).Over time, C(RST)is 


discharged by R(RST)providing 
a measure of 


"forgetting" 
when the over-current 
condition 
no longer 


occurs. 


Figure 11. Over-Current, Soft Start, and Integrating Fault 
Detect Cirwits 


Since the per cycle charge on RC(RESET)is proportional 
to how early in the PWM cycle the reset occurs, a 
reset will occur more quickly under output short circuit 
conditions 
(figures 12c and 12d) than during a load 


surge (figures 12a and 12b). 


Figure 12d. RC(RESEl)(Pin 16) IncreasesMore Quickly 
During Short Cirwit 
Condition 


When the soft start reset occurs, the output 
is inhibited 
and the soft start capacitor is discharged. The output 
will remain off until C(RST)discharges to 1.1V through 
R(RST),providing 
a reset delay. When the IC restarts, 


the error amplifier output voltage is limited to the 
voltage at pin 8, thus limiting the duty cycle. 


"- 
"-'\ 
" 
r,;~". 
I:~KHZ - 
ClO 0 
" 


"- 
..•..• 


""- - 


3& 
~ 
~ 
~ 
5 
II 
~ 
U 
~ 
~ 
III 


TAre 


"Micro 
Linear 


PART NUMBER 


ML4817CP 
ML4817CS 


TEMPERATURE 
RANGE 


O°C to +70°C 
O°C to +70°C 


PACKAGE 


DIP 
(P16) 


SOIC (S16W) 


'Micro 
Linear 


A1I~Micro Linear 


June 1992 
PRELIMINARY 


Phase Modulation/Soft 
Switching Controller 


The ML4818 
is a complete 
phase modulation 
control 
IC 
suitable for full bridge soft switching 
converters. 
Unlike 
conventional 
PWM circuits, the phase modulation 


technique 
allows for zero voltage switching 
transitions 
and square wave drive across the transformer. The IC 
modulates the phases of the two sides of the bridge to 
control 
output power. 


The ML4818 
can be operated in current mode. The delay 
times for the outputs are externally 
programmable 
to 
allow the zero voltage switching 
transitions to take place. 


Both pulse-by-pulse 
current limit and integrating fault 


detection 
and soft start reset are provided. 
The under- 


voltage lockout circuit features a 6V hysteresis with a low 
starting current to allow off-line start up with a bleed 
resistor. A shutdown 
function 
powers down the IC, putting 
it into a low quiescent state. 


The circuit can be operated at frequencies above 1MHz. 
The ML4818 contains four high current totem pole 
outputs which feature high slew rate with low cross 
conduction. 


• 
Full Bridge Phase Modulation 
Zero Voltage Switching 
Circuit with Programmable 
ZV transition times 


• 
Constant Frequency Operation 
to 1.5MHz 


• 
Current Mode Operation 


• 
Cycle-by-Cycle 
Current Limiting with Integrating Fault 


Detection 
and Restart Delay 


• 
Precision buffered 5V Reference (+ 1%) 


• 
Four 1.5 A Peak Current Totem-Pole Output 
Drivers 


• 
Under-Voltage 
Lockout circuit with 6V Hysteresis. 


• 
Power DIP package allows higher dissipation 


REFERENCE 


AND 
UNDER-VOLTAGE 
LOCKOUT 
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GND 
VREF 


Cy 
GND 


RAMP 
81 DUT 


IUM 
82 OUT 


E/A OUT 
VCC 


GND 
GND 


GND 
GND 


INV 
Al OUT 


SOFT START 
A2 OUT 


SHUTDOWN 
GND 


Ry 
RDELAY 


RCRESET 
CLOCK 


TOP VIEW 


PIN# 
NAME 
FUNCTION 


GND 
Ground 


2 
CT 
Timing Capacitor for Oscillator 


3 
RAMP 
Non-Inverting 
input to main 


comparator. 
Connected to current 
sense resistor for current mode 


4 
IUM 
Current limit sense pin. Normally 
connected 
to current sense resistor 


5 
E/A OUT 
Output of error amplifier 
and input 
to PWM comparator 


6,7 
GND 
Ground and Substrate 


8 
INV 
Inverting input to error amp 


9 
SOFT START 
Normally 
connected 
to Soft Start 


Capacitor 


10 
SHUTDOWN 
Pulling this pin low puts the IC into 
a power down mode and turns off 
all outputs. This pin is internally 
pulled up to Vref. 


11 
RT 
Resistor which sets discharge 
current for oscillator 
timing 
capacitor 


13 
CLOCK 


14 
RDELAY 


15 
GND 


16 
A20UT 


17 
A10UT 


18,19 
GND 


20 
Vcc 


21 
B2 OUT 


22 
B10UT 


23 
GND 


24 
VREF 


Timing elements for Integrating fault 
detection 
and reset delay circuits 


Oscillator 
output 


Resistor to ground on this pin 
programs the amount of delay from 
the time an output turns off until its 
complementary 
output turns on 


Ground 


High Current Totem pole output A 1 


High Current Totem pole output A2 


Ground and Substrate 


Positive Supply for the IC 


High Current Totem pole output B1 


High Current Totem pole output B2 


Ground 


Buffered output for the 5.0 V 
voltage reference 
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Storage 
Temperature 
Range 
-65°C 
to + 150°C 


Lead Temperature 
(Soldering 
10 Sec.) 
+260°C 


Thermal 
Resistance 
(alA) (see fig 
13,14) 


Plastic 
Power 
DIP 
.40°C/W 
Supply 
Voltage 
(Pin 
20) 
30V 


Output 
Current, 
Source 
or Sink 
(Pins 
16,17,21,22) 
DC 
0.5A 


Pulse 
(0.5 ~s) 
1.5 A 


Analog 
Inputs 
(Pins 
2 thru 
5, 8 thru 
10, 
12) 
-0.3V 
to 6V 


Clock 
Output 
Current 
(Pin 
11) 
-5mA 
Error Amplifier 
Output 
Current 
(Pin 5) 
5mA 


Soft Start Sink 
Current 
(Pin 9) 
50 mA 


Oscillator 
Charging 
Current 
(Pin 
2) 
-5mA 


Junction 
Temperature 
150°C 


Temperature 
Range 
O°C to +70°C 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 


the device 
could 
be permanently 
damaged. 
Absolute 


maximum 
ratings 
are stress ratings 
only 
and 
functional 


device 
operation 
is not 
implied. 


ELECTRICAL CHARACTERISTICS 


Unless 
otherwise 
specified, 
RT = 12.7Kn, 
CT = 250pF, 
RCLK = 3Kn, 
RDELAY = 5Kn, 
TA = Operating 
Temperature 
Range, 


Vcc=15V. 


PARAMETER 


OSCILLATOR 


Initial 
accuracy 
TA=25°C 
460 
500 
540 
KHz 


Voltage 
stability 
12V < Vcc < 25V 
--0.3 
%/V 


Temperature 
stability 
(note 1) 
0.2 
% 


Total Variation 
line, temp. 
428 
551 
KHz 


CT Discharge 
Current 
VP1N2= 2V 
4.7 
5.5 
6.3 
mA 


Clock out High 
2.4 
3.1 
V 


Clock 
out Low 
0 
0.4 
V 


Ramp Peak 
4.1 
V 


Ramp Valley 
1.5 
V 


Ramp Valley 
to Peak 
2.6 
V 


Output 
Voltage 
TA=25°C,lo=lmA 
4.95 
5.0 
5.05 
V 


Line regulation 
12V < Vcc < 25V 
2 
20 
mV 


Load regulation 
1mA < 10 < 10 mA 
3 
20 
mV 


Temperature 
stability 
(note 1) 
.2 
mV;oC 


Total Variation 
4.85 
5.15 
V 


Output 
Noise Voltage 
. 
10Hz to 10 KHz 
50 
mV 


Long Term Stability 
TJ = 125°C, 
1000 hrs, (note 1) 
5 
25 
mV 


Short Circuit 
Current 
VREF = OV 
-30 
-50 
-200 
mA 


Input Offset Voltage 
-35 
+25 
mV 


Input Bias Current 
0.6 
3 
~ 


Input Offset Current 
0.1 
1 
jlA 


Open 
Loop Gain 
1 < Vo< 
4V 
85 
120 
dB 


PSRR 
12 < Vcc < 25V 
80 
100 
dB 


Output 
Sink Current 
VPIN 5 = lV 
1 
3.2 
mA 
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PARAMETER 


ERROR AMPLIFIER 
SECTION 
(Continued) 


Output 
Source Current 
VPINs=5.1V 
-0.5 
-2.2 
mA 


Output 
High Voltage 
IplN s = -0.5mA 
. 
5.0 
5.5 
6.0 
V 


Output 
Low Voltage 
IplN S = 1mA 
0.5 
V 


Unity 
Gain 
Bandwidth 
(note 1) 
2.0 
2.8 
MHz 


Slew Rate (note 1) 
8.5 
V/~s 


Pin 3 Bias Current 
VP1N3 = OV 
-1 
-10 
~A 


Pin 5 Zero D.C. Threshold 
VPIN 3 = OV 
0.4 
0.6 
0.8 
V 


TPOl, pin 3 to Output 
(note 1) 
50 
80 
ns 


TDELAY 
150 
200 
270 
ns 


VPIN14 
4.3 
V 


Pin 9 Charge Current 


Discharge 
Current 


VP1N9 = 4V 


VPIN9 = 1V 


Pin 4 Bias Current 
o V < VP1N4 < 4V 
-1 
-10 
~A 


Current 
Limit Threshold 
VPIN 10 = OV 
0.92 
1.02 
1.12 
V 


TpD1' pin 4 
(note 1) 
50 
ns 


Pin 12 Shutdown 
Threshold 
3.15 
3.4 
3.65 
V 


Pin 12 Restart Threshold 
1.0 
1.3 
1.6 
V 


Pin 12 Charging 
Current 
VP1N4 =2V, VP1N12 = 1.5V 
-445 
-523 
-600 
~A 


Pin 10 Shutdown 
Threshold 
2.0 
2.4 
2.8 
V 


Pin 10 Input Bias Current 
VPIN 10 = 0 
-2S 
-100 
~A 


Output 
Low Level 
lOUT = 20 mA 
0.1 
0.4 
V 


lOUT = 200 mA 
0.7 
2.2 
V 


Output 
High Level 
lOUT = -20 
mA 
12.0 
13.5 
V 


lOUT = -200 
mA 
. 
11.5 
13.0 
V 


Rise/Fall Time 
CL = 1OOOpF,(note 1) 
30 
60 
ns 


Start Threshold 


Stop Threshold 


SUPPLY CURRENT 


Start Up Current 
Vee < 15.8V 
3 
4 
mA 


Ice 
VP1N8 = 4V, VPIN 3,4 = OV, CL = 0 
TA= 25°C 
48 
60 
mA 
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PHASE MODULATOR 


In the ML4818, 
power is controlled 
by modulating 
the 


phase of the A and 8 sides full bridge power section 
(figure 1). As shown in timing diagram, figure 2, we begin 
the power cycle with A2 and 81 high (Q2 and Q1 are on). 
Power is being delivered 
to the output through the 
transformer and the following 
sequence of events takes 


place: 


1. After either the <I> MOD 
or ILiM comparator 
trips, 


81 goes low, turning off Q2, allowing 
the parasitic 


capacitances on Q2 and Q3 to charge to +V1N 
driven by the leakage inductance's 
current 


(ILEAKAGE)· 


2. 82 goes high after TDELAYwhich 
is set by the 
resistor RDELAYfrom pin 14 to GND. At this point the 
source of Q3 has been charged to +V1N, turning on 


Q3 at zero voltage. The transformer 
is now 


effectively 
shorted through Q1 and Q3, allowing 


ILEAKAGEto recirculate. 


3. Clock goes high and A2 goes low while A 1 
remains low for time TDELAY.During this time both 
Q1 and Q4 are off. ILEAKAGEdischarges the parasitic 
capacitances on Q1 and Q4 until Q4's drain is at 
av. 


4. A 1 goes high after TDELAYwhich 
is set by the 


resistor RDELAYfrom pin 14 to GND. At this point the 
drain of Q4 has been discharged to av, making the 
turning on Q4 at zero voltage. At this point, Q4 and 
Q3 are both on and power is being delivered 
to the 


main transformer. 


The above sequence is then repeated but with the 
opposite polarity on all outputs. 
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The ML4818 
can also be used in current mode by sensing 
load current on the RAMP input (pin 3). 


The four output delay timers are programmed 
via an 


external ROELAYresistor as shown below. This resistor 
value should be no less than 1KQ. Expressing RDELAYin 
KQ the delay, in ns is: 


TOELAY=33xRoELAY +45 
(1) 


The ML4818 
contains special logic circuits to provide for 


voltage mode feed-forward 
and lock out long pulses into 
the internal logic. This prevents instability 
from occuring 
when the <I> Comparator 
trips in voltage mode. 


Figure 
4. Voltage 
Feed-Forward 
Circuit. 


The transistor in figure 4 is open only during a power 
cycle. When the power cycle terminates, pin 3 is pulled 
low. In voltage mode operation, 
a capacitor 
is connected 


from pin 3 to GND with a resistor from pin 3 to V1N to 
provide 
input voltage feed forward. 


OSCILLATOR 


The ML4818 
oscillator 
charges the external capacitor, CT, 


with a current (ISET)equal to 5/RT. When the CT voltage 
reaches the upper threshold (Ramp Peak), the comparator 
changes state, turning on the current sink which 
discharges CT to the lower threshold (Ramp Valley). The 
CT pin is clamped to Ramp Valley by Ql (figure 1) to 
prevent inaccuracy 
due to undershoot on CT. 


To use the Clock Output for driving external synchroniza- 
tion circuitry, 
a pull-down 
resistor is required from CLOCK 


toGND. 
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Figure 
6. Oscillator 
Timing 
Resistance vs. Frequency. 


Figure 6 should be used when oscillator 
frequencies of 
greater than 300KHz are required. 


For frequencies of less than 300KHz, oscillator 
period can 
be determined 
by the following 
formulae: 


fOSC= __ l- 
Tc + To 


ERROR 
AMPLIFIER 


The ML4818 error amplifier 
is a 2.5 MHz. bandwidth, 


8.5V/lls slew rate op-amp with provision 
for limiting 
the 


positive output voltage swing (Output 
Inhibit line) to 


implement 
the soft start function. 
The error amplifier 
output source current is limited to 4.5mA. 
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Figure 7. Error Amplifier Open-Loop Gain and 


Phase vs. Frequency. 


0.4 
0.6 
0.8 
1.0 


OUTPUT 
CURRENT 
(A) 


Figure 9. Output Saturation Voltage vs. Output Current. 


OUTPUT 
DRIVER STAGE 


The ML4818 
has four high current high speed totem pole 
output drivers each capable of 1.SA peak output, designed 
to quickly 
switch the gates of capacitive 
loads, such as 


power MOSFET transistors. 


100 
200 


tR 
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CURRENT 
LIMIT, FAULT DETECTION 
AND SOFT START 


When the current (sensed on pin 4) reaches the 1V limit, 
the PWM cycle is terminated. 
The flip flop (figure 11) turns 


on the current source to charge CRST and remains on for 
the duration 
of the clock period. When 
CRST 
has charged 


to 3.4V, a soft start reset occurs. The number of times the 
PWM cycle is terminated 
due to over-current 
is 
"remembered" 
on CRST. 
Over time, 
CRST 
is discharged by 


RRST providing 
a measure of "forgetting" 
when the over- 


current condition 
no longer occurs. 


Since the per cycle charge on RCRESET 
is proportional 
to 


how early in the power cycle the over-current 
occurs, a 
reset will occur more quickly 
under output short circuit 
conditions 
(figures 12a and 12b) than during a load surge 
(figures 12c and 12d). 


When the soft start reset occurs, the output is inhibited 
and the soft start capacitor 
is discharged. The output will 
remain off until 
CRST discharges to 1.3V through 
RRST, 


providing 
a reset delay. When the IC restarts, the error 


amplifier 
output voltage is limited to the voltage at pin 9, 


thus limiting 
the duty cycle. 


UNDER-VOLTAGE 


LOCKOUT 


Figure 11. Over-Current, 
Soft-Start, 
and Integrating 
Fault Detect 
Circuits. 
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Figure 12a, 12b. l(lIMIT) 
and Resulting 
RC(RESET) 
Waveforms 
During 
Short Circuit. 


Figure 12c, 12d. I(lIMIT) 
and Resulting 
RC(RESET) 


Waveforms 
During 
Load Surge. 
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UNDER-VOLTAGE 
lOCKOUT 


On power up, when Vcc is below 16V, the IC draws very 
little current (1.1 mA typ.) and VREFis disabled. When Vcc 
rises above 16V, the IC becomes active and VREFis 
enabled and will stay in that condition 
until Vcc falls 


below 10.2V. 
. 


Figure 13. Under-Voltage lockout and 
Reference Circuits. 
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THERMAL 
INFORMATION 


The ML4818 
is offered in a Power DIP package. This 
package features improved thermal conduction 
through 


the leadframe. Much of the heat is conducted 
through the 
center 4 grounded 
leads. Thermal dissipation 
can be 
improved with this package by using copper area on the 
board to function 
as a heat sink. Increasing this area can 


reduce the aJA (see figures 15 and 16), increasing the 
power handling capability 
of the package. Additional 


improvement 
may be obtained by using an external heat 


sink (available from Staver). 


'\ 
\.. 
."•.....•.• 


•.....••..•... 
• 


The application, 
in figure 17, features the ML4818 
in a 


primary-side 
controlled 
voltage mode application 
with 


feed-forward. 
Input voltage is rectified 
120VAC (nominal). 


Feed-forward 
is provided 
by the ramp on pin 3 via the 


resistor connected 
to the high voltage input. Current is 
sensed through sense transformer T4. 
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PART NUMBER 


ML4818CP 


TEMPERATURE RANGE 


OPC to +70PC 


PACKAGE 


Power DIP (P24P)* 
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A\.l Micro Linear 
ML4818EVAL 


Phase Modulation 
Controller Evaluation Kit 


The ML4818EVAL kit provides a convenient vehicle to 
evaluate the ML4818 
Phase Modulation 
Control IC The 
board 
implements a 200W Phase Modulated 
Power 
Supply. 


The application 
circuit is designed to show the performance 


of a 200W isolated AC to DC converter circuit. 
The circuit 
topology 
is a full bridge type, suitable for high power and 


very high frequency operation with zero voltage switching 
for high efficiency. The oscillator frequency of the circuit is 
500KHz. 


The PC board is designed around a 200W single output 
application 
circuit, however the circuit can be modified for 


other power levels and operating conditions. 


• 
User's Guide - Includes operating specification, 
proce- 


dure, kit component 
list, a complete 
parts list, perfor- 
mance data, and a detailed schematic. 


• 
ML4818Datasheet. 


• 
Application 
Note #19: Phase Modulated 
PWM Topol- 


ogy with the ML4818 


• 
Blank PC Board 


• 
Kit Components 
- A sample of the ML4818 and addi- 
tional components 
which may be difficult to procure in 


small quantities. 


• 
Zero Voltage Switching (ZVS), high efficiency AC to DC 
power converter circuit 


• 
High frequency operation 
resulting in smaller reactive 
components 


• 
Lower conducted 
and radiated noise due to slower rise 


and fall times 


• 
Switching and CV2 losses greatly minimized 


• 
Feed-forward compensated 
voltage mode control 


enables automatic compensation 
against instantaneous 


line changes 


• 
Complete documentation 
and applications information 


Input Voltage Range (switchable) 


Output Voltage 


Output 
Power 


Output 
Current 


Switching Frequency 


Efficiency (V1N=120V, PouT=200W) 


90 to 260V 


15V 


200W 


13A 


250Khz. 


85% 


BRIDGE 
--.r- 


RECT~ 


110/220 
T 


JUMPER 
-.;;;7 
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ADVANCE INFORMATION 


ML4819 


Power Factor and PWM Controller "Combo" 


The ML4819 is a complete boost mode Power Factor 
Control (PFC)which also contains a PWM controller. 
The PFC circuit is similar to the ML4812while the 
PWM controller 
can be used for current or voltage 
mode control for a second stage converter. Since the 
PWM and PFC circuits share the same oscillator, 
synchronization 
of the two stages is inherent. The 


outputs of the controller 
IC provide high current 


(>1A 
peak) and high slew rate to quickly charge and 
discharge MOSFETgates. Special care has been taken 
in the design of the ML4819 to increase system noise 
immunity. 


The PFC section is a peak current sensing control 
which uses a current sense transformer or SENSEFET 
to non-dissipatively sense switch current, giving the 
system improved overall efficiency over the average 
current sensing .control method. 


The PWM section includes cycle by cycle current 
limiting, precise duty cycle limiting for single ended 
converters, and slope compensation. 


• Two 1A Peak Current Totem-Pole Output 
Drivers 


• Precision buffered SV Reference (±1%) 
• Large oscillator amplitude 
for better noise 


immunity 


• Precision duty cycle limit for PWM section 
• Current 
input multiplier 
reduces external 


components 
and improves 
noise immunity 


• Programmable 
Ramp Compensation 
circuit 


• Over-Voltage comparator 
eliminates output 
"runaway" 
due to load removal 
• Wide common 
mode range in current 
sense 
comparators 
for better noise immunity 


• Under-Voltage 
Lockout circuit 
with 6V hysteresis 


~ I(EA) 


• 


IISINE) 


6 [ 


@]~GND l 
I(MUIJ)- 


~ 
= 
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20-Pin DIP 
:W-Pm~UIL 


IISENSE) A 
C(l) 
I(SENSE) 
A 
C(T) 


(JIIP 
GND 
OVP 
GND 


MUUlPLIER 
VIREf) 


MULTIPLIER 
V(REf) 


EA OUTA 
PGND 
A 
EA OUT 
A 
PGNDA 


INVA 
OUT 
A 


INVA 
OUTA 


IISINE) 
VCC 


DUTY CYCLE 
OUT 
B 
I(SINE) 
VCC 


PWMB 
PGND 
B 
DUTY 
CYCLE 
OUTB 


I(SENSE) 
B 
RAMP COMP 
PWMB 
PGND 
B 


R(I) 
IIL1M) 
I(SENSE) 
B 
RAMPCOMP 


TOP VIEW 
R(T) 
HUM) 


TOP 
VIEW 


PIN DESCRIPTION 


PIN ** 
NAME 
FUNalON 
PIN ** 
NAME 
FUNalON 


1 
I(SENSE)A 
Input from the PFCCurrent 
11 
I(L1M) 
Cycle by cycle PWM current 


Sense Transformer to the PWM 
limit. Exceeding 1V threshold on 
comparator 
(+). Current Limit 
this pin terminates the PWM 


occurs when this point reaches 
cycle. 


Sv. 
12 
RAMP COMP 
Buffered output from the 
2 
OVP 
Input to over voltage comparator. 
Oscillator Ramp (C(T)).A resistor 


3 
MULTIPLIER Output 
of Current Multiplier. A 
to ground sets a current 1/2 of 


resistor to ground on this pin 
which is sourced on pins 9 and 


converts the current to a voltage. 
11. 


4 
EA OUT A 
Output 
of error amplifier. 
13 
GND B 
Return for the high current 
totem pole output 
of the PWM 
S 
INVA 
Inverting input to error amplifier. 
controller. 
6 
I(SINE) 
Current Multiplier 
input. 
14 
OUT B 
PWM controller 
totem pole 
7 
DUTY CYCLE PWM controller 
duty cycle is 
output. 


limited by setting this pin to a 
1S 
Vcc 
Positive Supply for the Ie. 
fixed voltage. 
16 
OUT A 
PFCcontroller 
totem pole output. 
8 
PWM B 
Error voltage feedback input. 
17 
GND A 
Return for the high current 
9 
I(SENSE)B 
Input for Current Sense resistor 
totem pole output of the PFC 
for current mode operation or 
controller. 
for Oscillator ramp for voltage 
18 
V(REF) 
Buffered output for the SV 
mode operation. 


10 
R(T) 
Oscillator timing resistor pin. A 
voltage reference. 


SV source across this resistor sets 
19 
GND 
Analog signal ground. 


the charging current for C(T). 
20 
C(T) 
Timing Capacitor for the 
Oscillator. 
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ABSOLUTE MAXIMUM 
RATINGS 


Absolute 
maximum 
ratings are those values beyond 
which 
the 


device 
could 
be permanently 
damaged. 
Absolute 
maximum 


ratings are stress ratings only 
and functional 
device 
operation 


is not implied. 


Supply 
Voltage 
(Vccl 
........................•.......... 
35V 


Output 
Current, 
Source 
or Sink (pin 12) 
DC 
lOA 


Output 
Energy (capacitive 
load per cycle) 
5pl 


Multiplier 
I(SINE) Input 
(Pin 6) 
1.2mA 


Error Amp 
Sink Current 
(pin 3) 
10mA 


Oscillator 
Charge 
Current 
........•..................... 
2mA 


Analog 
Inputs 
(pins 1, 4, 5) 
.......•...•........ 
-{).3V to 5.5V 


Junction 
Temperature 
150°C 
Storage Temperature 
Range 
-65°C 
to +150·C 


lead 
Temperature 
(Soldering 
10 sec) 
+260·C 


Thermal 
Resistance 
(eJA) 
Plastic DIP or SOIC 
.............•..........•...... 
65·C/W 


ELEaRICAL 
CHARAaERISTICS 


Unless otherwise 
specified, 
RT = 14KO, CT = 1000pF, TA = Operating 
Temperature 
Range, Vcc = 15V (note 2) 


Initial 
Accuracy 
TJ = 25·C 
90 
97 
104 
KHz 


Voltage 
Stability 
12V < Vcc < 25V 
0.2 
% 


Temperature 
Stability 
2 
% 


Total Variation 
line, temp 
88 
106 
KHz 


Ramp Valley 
0.9 
V 


Ramp Peak 
4.3 
V 


R(T) Voltage 
4.8 
5.0 
5.2 
V 


Discharge 
Current 
(pin 8 open) 
TJ = 25·C, V PIN 16 = 2V 
Z5 
8.4 
9.3 
mA 


VPIN 16 = 2V 
Z2 
8.4 
9.5 
mA 


Input 
Offset 
Voltage 
-15 
15 
mV 


Input 
Bias Current 
-2 
-10 
pA 


Duty 
Cycle 
VP1N 7 = VREF/2 
43 
45 
49 
% 


Output 
Voltage 
TJ = 25°C, '0 = lmA 
4.95 
5.00 
5.05 
V 


line 
Regulation 
12V < Vcc < 25V 
2 
20 
mV 


load 
Regulation 
lmA < 10 < 20mA 
8 
25 
mV 


Temperature 
Stability 
.4 
% 


Total Variation 
line, load, temp 
4.9 
5.1 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
pV 


long 
Term Stability 
TJ = 125°C, 1000 hrs, (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREF = OV 
-30 
--as 
-180 
mA 


Input 
Offset 
Voltage 
-15 
15 
mV 


Input 
Bias Current 
-{).1 
-1.0 
pA 


Open 
loop 
Gain 
1 < VP1N 4 < 5V 
60 
75 
dB 


PSRR 
12V < Vcc < 25V 
60 
90 
dB 


Output 
Sink Current 
VPIN 4 ;, 1.1\1, VPIN s = 5.2V 
2 
12 
mA 
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ElEORICAl 
CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
RT = 14KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 15V (note 
2) 


PARAMETER 


Error Amplifier 
Section (Continued) 


Output 
Source 
Current 
VP1N 4 ~ 5.0V, VP1N 5 = 4.8V 
-0.5 
-1.0 
mA 


Output 
High 
Voltage 
. 
IplN 4 = -O.5mA, VP1N 5 = 4.8V 
6.5 
ZO 
V 


Output 
Low Voltage 
IplN 4 = 2mA, VP1N 5 = 5.2V 
0.7 
1.0 
V 


Unity 
Gain 
Bandwidth 
1.0 
MHz 


I(SINE) Input 
Voltage 
I(SINE) = 500pA 
.4 
.7 
.9 
V 


Output 
Current 
(pin 2) 
I(SINE) = 500pA. Pin 5 = VREF 
- 20mV 
460 
495 
505 
pA 


I(SINE) = 500pA, Pin 5 = VREF + 20mV 
0 
10 
pA 


I(SINE) = 1mA, Pin 5 = VREF 
- 
20mV 
900 
990 
1005 
pA 


Bandwidth 
200 
KHz 


PSRR 
12V < Vcc < 25V 
70 
dB 


Slope Compensation 
Circuit 


RAMP COMP 
Voltage 
(pin 12) 


lOUT (pin 1 or pin 9) 


OVP 
Comparator 


Input 
Offset 
Voltage 
Output 
Off 
-15 
15 
mV 


Hysteresis 
Output 
On 
100 
120 
140 
mV 


Input 
Bias Current 
-0.3 
-3 
pA 


Propagation 
Delay 
150 
ns 


Input 
Common 
Mode 
Range 
-0.2 
5.5 
V 


Input 
Offset 
Voltage 
I(SENSE)A 
-15 
15 
mV 


I(SENSE) B 
. 
+0.4 
0.7 
+0.9 
V 


Input 
Bias Current 
-3 
-10 
pA 


Input 
Offset 
Current 
-3 
0 
+3 
pA 


Propagation 
Delay 
, 


150 
ns 


ILlM1T(A) Trip Point 
~ 
VPlN 3 = 5.5V 
4.8 
5 
5.2 
V 


ILlM1TTrip Point 
.95 
1.0 
1.05 
V 


Input 
Bias Current 
. 
-2 
-10 
pA 


Propagation 
Delay 
, 


150 
ns 


Output 
Voltage 
Low 
lOUT = -20mA 
. 
0.1 
0.4 
V 


lOUT = -200mA 
1.6 
2.2 
V 


Output 
Voltage 
High 
lOUT ~ 20mA 
13 
13.5 
V 


lOUT ~ 200mA 
12 
13.4 
V 


Output 
Voltage 
Low in UVLO 
lOUT = -lmA, 
Vcc 
= 8V 
0.1 
0.8 
V 


Output 
Rise/Fall Time 
CL = 1000pF 
50 
ns 


.~ 
Micro Linear 


ELEORICAL 
CHARAOERISTICS 
(Continued) 
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Unless otherwise 
specified, 
RT = 14KO, CT = 1000pF, TA= Operating 
Temperature 
Range, \iee = 1SV (note 2) 


PARAMETER 


Under Voltage Lockout 


Start-Up 
Threshold 
15 
16 
17 
V 


Shut-Down 
Threshold 


c_ 
9 
10 
11 
V 


VREF Good 
Threshold 
4.4 
V 


lOtal Device 


Supply 
Current 
Start-Up, 
Vcc = 14V 


Operating, 
TJ = 25°C 


Note 1: This parameter 
not 100% tested 
in production 
but guaranteed 
by design. 


Note 2: Vcc is raised above 
the Start-up 
Threshold 
first to activate 
the Ie, then 
returned 
to 15V. 
Note 3: PWM 
comparator 
bias currents 
are subtracted 
from 
this reading. 


OSCILLATOR 


The Ml4819 
oscillator 
charges the external capacitor 


(Cl) with a current 
(ISET)equal to S/RsET.When 
the 


capacitor 
voltage reaches the upper threshold, 
the 


comparator 
changes state and the capacitor 
discharges 


to the lower threshold 
through 
Q1. While 
the capacitor 


is discharging, 
Q2 provides a high pulse. 


The Oscillator 
period 
can be described 
by the 


following 
relationship: 


Tose = TRAMP+ TDEADllME 


,------------1 


DUTY CYClE 7 
I 


C (Ramp Valley to Peak) 
TRAMP= --------- 
ISET 


I 
I 
I 
I 
- 
I 
__ 
=- 
-l 


ClOCK OUT 
~ 
to_II- 
• 
C (Ramp Valley to Peak) 


TDEADTIME= 
(8.4mA _ ISET) 


The maximum 
duty cycle of the PWM section can be 


limited 
by setting a threshold 
on pin 7. When 
the Cm 
ramp is above the threshold 
at pin 7, the PWM output 
is held off and the PWM flip-flop 
is set: 


Dose x (VPIN7 - 0.9) 


DUMIT == -------- 
3.4 


RAMP 
PEAK 
- 
;--~-- 
"/'\-- 


RAMPVAL~~ _L __~ __~_ 


DUMIT = Desired duty cycle limit 
Dose = Oscillator 
duty cycle 
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Figure 3. Output Saturation Voltage vs. Output Current 


ERRORAMPLIFIER 


The ML4819 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 
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Figure 5. Error Amplifier Open-Loop Gain and Phase 


vs. Frequency 


The ML4819 multiplier 
is a linear current input 


multiplier 
to provide high immunity 
to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping 
resistor. In this way, small amounts of ground 


noise produce an insignificant effect on the reference 
to the PWM comparator. 


The output of the multiplier 
is a current proportional 


to: 


lOUT0< /(SINE)x I(EA) 


where I(SINE)is the current in the dropping 
resistor, 


and I(EA)is a factor which varies from 0 to 1 
proportional 
to the output of the error amplifier. When 
the error amplifier is saturated high, the output 
of the 


multiplier 
is approximately equal to the I(SINE)input 
current. 


The multiplier 
output current is converted into the 


reference voltage for the PWM comparator through 
a 


resistor to ground on the multiplier 
output 
(pin 3). 


,----- 
- ------------l 


I 
I(ERR) 
ERROR 
I 
I 
VOUAGE 
t 
MUITIPLIER 
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SLOPE COMPENSATION 


Slope compensation is accomplished by adding 1/2 of 
the current flowing out of pin 12 to pin 1 (for the PFC 
section) and pin 9 (for the PWM section). The amount 
of slope compensation is equal to (lPIN 1212)x RL where 
RL is the impedance to GND on pin 1 or pin 9. Since 
most of the PWM applications will be limited to 50% 
duty cycle, slope compensation should not be needed 
for the PWM section. This can be defeated by using a 
low impedance load to the current sense on pin 9. 
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On power-up the ML4819 remains in the UVLO 
condition; 
output low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V.When 
Vcc drops below 10Y,the UVLO condition 
is imposed. 


During the UVLO condition, the 5V VREFpin is "off'; 
making it usable as a "flag". 
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The power factor section in the ML4819 is similar to the 
power factor section in the ML4812 with the exception 
of the operation of the slope compensation circuit. 
Please refer to the ML4812 data sheet for more 
information. 


The following 
calculations refer to figure 12. The 


component 
designators in the equations below refer to 
the following 
components in figure 12: 


RT= R16,CT = C6. 


INPUT INDUGOR 
(l1) SELEGION 


The central component 
in the regulator is the input 


boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 
size. 


One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 


For the boost converter at steady state: 


V1N 
VOUT= --- 
(1) 


1 - 
DON 


Where DON is the duty cycle [TON/(TON + TOFF)]. The 
input boost inductor will dry out when the following 
condition 
is satisfied: 


VINDRY= [1 - DON (max)] x VOUT 


VINDRY:Voltage where the inductor dries out. 
VOUT: Output dc voltage. 


Effectively, the above relationship shows that the 
resetting volt-seconds are mor~ than setting volt- 
seconds. In energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 


The recommended 
maximum duty cycle is 95% at 


100KHz to allow time for the input inductor to dump 
its energy to the output capacitors. 


For example: 


if: 
VOUT= 380V and 
DON (max) = 0.95 


then substituting in (3) yields V1NDRY= 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 


For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 


The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 


By combining 
the ideas set forth above, some ground 


rules can be obtained for the selection and design of 
the input inductor: 


Step 1: Find minimum operating current. 


. 
1.414 x P1N(min) 


'IN(mln)PEAK= ------ 


V1N(max) 


VIN(max) = 260V 
PIN(min) = 50W 
then: 
IIN(min)PEAK= 0.272A 


Step 2: Choose a minimum current at which point the 


inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 


then: 
IWRY= 100mA 
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Step J: 
Ihe value 01 me tnounance 
Cd" 
,'UVV Ut:: IUUI'u 
using previously calculated data. 


VINDRYx DoN(max) 
L1 = ------ 
(5) 


ILDRyx fose 
20V x 0.95 
------=2mH 
100mA x 100KHz 


The inductor 
can be allowed to decrease in value 
when the current sweeps from minimum 
to maximum 


value. This allows the use of smaller core sizes. The 
only requirement 
is that the ramp compensation must 


be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 


Step 4: The presence of the ramp compensation will 


change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction 
the above value of L1 can be 


optimized 
after a few iterations. 


Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 


One ferrite core that is suitable at around 200W is the 
1l4229PLOO·3C8made by Ferroxcube. This ungapped 
core will require a total gap of 0.180"for this 
application. 


The oscillator timing components can be calculated by 
using the following 
expression: 


1.36 
fose = --- 
(6) 


RT x CT 


For example: 


Step 1: At 100KHz with 95% duty cycle TOFF = 500ns 


calculate CT using the following formula: 


TOFF x IDIS 
CT = ---- 
= 1000pF 
(7) 
Vose 


Step 2: Calculate the required value of the timing 
resistor. 


1.36 
1.36 


RT = 
- 


fose x CT 
100KHz x 1000pF 


= 13.6KO choose RT= 14KO. 


CURRENT 
SENSE AND 
SLOPE (RAMP) 
COMPENSATION 


COMPONENT 
SELEOION 


Slope compensation in the ML4819 is provided 
internally. A current equal to Ve(T)/2(R18)is added to 
I(SENSE)A (pin 1). This is converted to a voltage by R10, 
adding slope to the sensed current through T1. The 
amount of slope compensation should be at least 50% 
of the downslope of the inductor 
current during the off 


~~;;;p;n~;~i;~'i; 
;';~~irement 
only if the inductor 
current is continuous and the duty cycle is more than 
50%. The highest inductor downslope 
is found at the 


point of inductor discontinuity: 


diL 
VB - VIN DRY 
380V - 20V 


dt 
L 
2mH 


The downslope as reflected to the input of the PWM 
comparator is given by: 


VB - VIN DRY 
SpWM=----- 
L1 


R11 
x 
- 
Ne 


Where Ne is the turns ratio of the current transformer 
(T1) used. In general, current transformers simplify the 
sensing of switch currents especially at high power 
levels where the use of sense resistors is complicated 
by the amount of power they have to dissipate. 
Normally the primary side of the transformer consists of 
a single turn and the secondary consists of several turns 
of either enameled magnet wire or insulated wire. The 
diameter of the ferrite core used in this example is OS' 
(SPANG/Magnetics F41206·TC).The rectifying diode at 
the output of the current transformer can be a 1N4148 
for secondary currents up to 75mA average. 


Sense FITs or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4819. 


The value of the ramp compensation (SCPWM)as seen 
at pin 1 is: 


2.5 
x R9 
SCPWM----- 
(11) 


R16 x C6 x R18 


The required value for R18 can therefore be found by 
equating: 


SCPWM= Ase x SPWM 


where Ase is the amount of slope compensation 
and 
solving for R18. 


The value of R9(pin 2) depends on the selection of R2 
(pin 6) 


V1N(max)PEAK 
R2=----- 


Is1NE(peak) 


260 x 1.414 


0.72mA 


VCLAMPx R2 


R9>----- 


VIN(min)PEAK 


Choose R9 = 27K 


The peak of the inductor current can be found 
approximately 
by: 
1.414x POUT 
1.414x 200 


ILPEAK= 
. 
---- 
= 3.14A 
(14) 


VIN(mtn)RMS 
90 


4.8 x 510K 
------22K 
80 x 1.414 
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Selection of Nc which depends on the maximum 
switch current, assume 4A for this example is 80 turns. 


VCLAMPx Nc 
4.8 x 80 
R11 = ----- 
= --- 
== 1000 
(15) 
ILPEAK 
4 


Where R11 is the sense resistor, and VCLAMPis the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V In actual 
application 
it is a good idea to assume a value less than 


5V to avoid unwanted current limiting action due to 
component 
tolerances. In this application VCLAMPwas 


chosen as 4.8V 


Having calculated R11 the value SPWMand of R18can 
now be calculated: 


380V - 20 
100 


SPWM= 
x - 
= 0.225VI Jls 
2mH 
80 


2.5 x Rg 


R18 = -------- 
(16) 
Asc x SPWMx RTx CT 
2.5 x 27K 
R18= 
= 30K 
0.7 x (.225 x 106) x 14K x 1nF 


Choose R18 = 33K 


The following 
values were used in the calculation: 


Rg = 27K 
RT= 14K 
Asc = 0.7 
CT = 1nF 


The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb 
if 1/4W 
resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately O.5t/A,therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W 
resistors have to be used the total power rating is 
1/2W. The operating power is set to be O.4W then with 
380V output voltage the value can be calculated as 
follows: 


Rs = (380V)2/0.4W 
= 360K 


Choose two 178K, 1% connected in series. 


Then ~ 
can be calculated using the formula below: 


VREFx Rs 
5V x 356K 
~ 
= 
- --- 
= 4.747K 
(18) 
VB - VREF 380V - 5V 


Choose 4.75K, 1%. One more critical component 
in the 


voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few 
Hertz to 15Hz. The main compromise is between 


transient response and distortion. The feedback 
capacitor can be calculated using the following 
formula: 


1 


C8 = 
3.142x Rs x BW 


1 


C8 = ------ 
= O.44JlF 


3.142x 356K x 2Hz 


OVERVOITAGEPROTEGION (OVP) COMPONENTS 


The OVP loop should be set so that there is no 
interaction with the voltage control 
loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above VOUT 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 


By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R7 = 356K then R8 
can be calculated as: 


VREFx R7 
5V x 356K 


R8= ---- 
---- 
= 4.564K 
(20) 


VoVP - VREF 395V - 5V 


Choose 4.53K, 1%. 


Note that Rs, R& R7and R8should be tight tolerance 
resistors such as 1% or better. 


OFF-LINE START-UPAND BIAS SUPPLYGENERATION 


The Start-Up Circuit in figure 12 can be either a "bleed 
resistor" (39KO, 2W) or the circuit shown in figure 13. 
The bleed resistor method offers the advantage of 
simplicity and lowest cost, but may yield excessive turn- 
on delay at low line. 


When the voltage on pin 15 (Vcd exceeds 16Y,the IC 
starts up. The energy stored on the C10 supplies the IC 
with running power until the supplemental winding 
on 
T3 can provide the power to sustain operation. 


IN 
• 


R30 
R31 
4.3K 
S10K 


The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
IEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting 
the 


input power factor to better than 0.99 under most 
steady state operating conditions. 
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The PWM section in figure 12 is a two switch forward 
converter, shown in figure 14 below for clarity. This fully 
clamped circuit eliminates the need for very high 
voltage MOSFITs. Flyback topology is also possible with 
the ML4819. 


Figure 14. Two-Switch Forward Converter 


This regulator (figure 12) uses current mode control. 
Current is sensed through R24 and filtered for high 
frequency noise and leading edge transient through 
R23 and C14. The main regulation loop is through 
PWM B. The TL431(U3) in the secondary serves as both 
the voltage reference and error amplifier, with isolation 
provided by an opto coupler (U2) providing a current 
command signal on pin 8. Loop compensation is 
provided by R29 and C20. The output voltage is set by: 


( 


R29 
) 
Your = 2.5 
1 +- 


R28 


The control 
loop is compensated using standard 


compensation techniques. 


Current is limited to a threshold of 2A (1V on R24).The 
duty cycle is limited in this circuit to below 50% to 
prevent transformer ([3) core saturation. The maximum 
duty cycle limit of 45% is set using a threshold of 
VREF/2on pin 7. 


The circuit in figure 12 can be modified for voltage 
mode operation by utilizing the slope current which 
appears on pin 9 as shown in figure 15 below. 


The ramp amplitude appearing on pin 9 will be 


IR18 
VR =- 
x R(V) 
(22) 
2 


where R18 is the slope compensation resistor. Since this 
circuit operates with a constant input voltage (as 
supplied by the PFCsection) voltage feed-forward is 
unnecessary. 


SLOPE 
COMP. 
eD 
IIR;c> 


High frequency power circuits require special care 
during breadboard construction 
and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FIT, output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 


There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling 
is 


due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
D6, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 


The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FIT. The radiated noise 
in this case can be minimized by insulating the drain of 
the FIT from the heatsink and then tying the heatsink 
to the source of the FETwith a high frequency 
capacitor. 


The IC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding 
is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 
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Component 
Description 


Cl, 
C3 
0.6pf, 
630V 
Film (250 VAC) 


C2 
330pf, 
400V 
Electrolytic 


C4 
6800pF, 
1KV Ceramic 


CS, C6 
l000pF 


C7 
10pf, 3SV 


C8, Cll, 
cn, 
C1S, C16 
lpf, 
Ceramic 


C9, 00, 
C21 
O.lpF, Ceramic 


Cl0 
lS00pF, 
2SV Electrolytic 


C12, C17 
lpF, Ceramic 


C14 
2200pF 


C18 
lS001lF, 16V Electrolytic 


C19 
4.7IlF 


Dl-DS 
1NS406 


D6 
MUR8S0 


D7, Dl0 
lN4148 


D8 
3V Zener 
diode 
or 4 x 1N4148 


in series 


D9 
MURll0 


Dll, 
D12 
MUR1S0 


Dn 
D83-004K 


D1S 
lN4001 


D16, D14 
lNS818 
or lNS819 


Fl 
SA, 250'1. 3AG 


L1 
2mH, 
4A IpEAK 
Core: 
Ferroxcube 
4229-3C8 
150 Turns 
1124 AWG 
0.150" gap 


L2 
10llH 
Core: 
Spang 
OF 43019 UGOO 


8 Turns 
1I1SAWG gap 
0.05" 


Ql-Q3 
IRF840 


Q4, 
QS 
2N2222 


Q6 
IRF821 


Rl 
330K 


R2, R31 
S10K 


R3 
S.6K 


Component 
Description 


R4 
12K 


RS, R7 
3S7K, 1% 


R6 
4.7SK, 1% 


R8 
4.53K, 1% 


R9 
27K 


Rl0, 
R18 
33K 


Rll 
910 


R12, R22 
100 


Rn, 
R14 
4.7K 


R1S 
4.3K 


R16 
15K 


R17 
30 


R20 
ZSO 


R21, R19 
3K 


R23 
1000 


R24, R2S 
10 


R26 
l.5K 


R27 
1.2K 


R28 
8.66K, 1% 


R29 
2.26K, 1% 


R30 
2K,lW 


R32, R33 
2K 


T1 
Spang 
F41206-TC 
or 


Siemens 
B64290-K4S-X27 
or X830 or 


Ferroxcube 
768T188-3C8 


Ns = 80, Np = 1 


T2 
Same 
core 
as Tl 
Ns ~ Np = 15 bifilar 


T3 
Core: 
Ferroxcube 
4229-3C8 


Pri. 44 Turns 
1118 Litz wire 


See. 
4 Turns 
of copper 
strip 
Aux. 2 Turns 
1124 AWG 


U2 
MOC8102 


U3 
TL431 


• 
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PART NUMBER 


Ml4819CP 
Ml4819CS 


TEMt'tKAJ UKt 
RANGE 


O°C to +70°C 
O°C to +70°C 


PACKAGE 


Molded 
DIP (P20) 
Molded 
PCC (S20W) 
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June 1992 
PRELIMINARY 


Power Factor Controller 


The ML4821 
provides the complete 
control for a "boost" 
type power factor correction 
system using the average 
current sensing method. 
Special care has been taken in 


the design of the ML4821 to increase system noise 
immunity. 
The circuit 
includes a precision reference, 


multiplier, 
average current error amplifier, 
output error 


amplifier, 
over-voltage 
protection 
comparator, 
shutdown 


logic, as well as a high current output. 
In addition, 
start- 


up is simplified 
by an under-voltage 
lockout circuit with 


7V hysteresis. 


In a typical application, 
the ML4821 
controls the average 
current, adjusting the pulse width of the output to 
modulate the current so that its shape conforms to the 
shape of the input voltage. 
The reference for the current 


regulator is a product of the sinusoidal 
line voltage times 
the output of the error amplifier 
which 
is regulating the 
output DC voltage. 
Average line voltage compensation 
is 
provided 
in the multiplier 
to ensure constant loop gain 


over a wide input voltage range. This compensation 
includes a special "brown-out" 
control which 
reduces 
output power below 90V RMS input. 


For applications 
information, 
Please see Applications 
Note 16. 


The ML4821 
uses Micro 
Linears bipolar array technology 
which 
allows for customization 
of the IC for a user's 
specific application. 
Please consult Micro 
Linear for semi- 
standard options. 


• 
Average current sensing for lowest possible 
harmonic 
distortion 


• 
Average Line compensation 
with Brown-out 
control 


• 
Precision buffered SV Reference (± 1%) 


• 
Current Input Multiplier 
reduces external components 
and improves noise immunity 


• 
1A Peak Current Totem-Pole Output 
Drive 


• 
Over-Voltage comparator 
eliminates 
output "runaway" 
due to load removal 


• 
Wide common 
mode range in current sense 
comparators 
for better noise immunity 


• 
Large oscillator 
amplitude 
for better noise immunity 


• 
Output 
Driver internally 
limited to 17V 


• 
"Sleep mode" shutdown 
input 
III 


UNDER 


VOLTAGE 
LOCKOUT 
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ML4821 
18-Pin DIP 


oVP 


SYNC 


OUT 


peND 
EAOUT 


EA- 


ML4821 
20-Pin sOle 


IUM 
2. 
eND 


IAOUT 
19 
Cy 


IA- 
18 
VREF 


JA+ 
17 
vcc 


ISINE 
16 
OUT 


EAOUT 
15 
peND 


EA- 
1. 
Ry 


VRMS 
13 
OVP 


SOFT START 
12 
SYNC 


N/C 
I. 
11 
N/C 


TOP VIEW 


PIN DESCRIPTION 


PIN 
NO. 
NAME 
FUNCTION 


IUM 
Peak cycle-by-cycle 
Current limit 
input. 


2 
IAOUT 
Output and compensation 
node of the 
average current error amplifier. 


3 
IA- 
Inverting input of the average current 
error amplifier. 


4 
IA+ 
Non-Inverting 
input of the average 
current error amplifier 
and output of 
the multiplier. 


S 
ISINE 
Current Multiplier 
input. 


6 
EAOUT 
Output of output voltage error 
amplifier. 


7 
INV 
Inverting input to error amplifier. 


8 
VRMS 
Input for Average Line Voltage 
compensation 


9 
SOFT 
Normally 
connected 
to Soft Start 


START 
Capacitor 


PIN 
NO. 
NAME 
FUNCTION 


10 
SYNC 
Oscillator 
synchronization 
input 


11 
OVP 
Inhibits output pulses when the 
voltage at this pin exceeds sv. Also, 
when the voltage at this pin is less 
than O.7V, the IC goes into low current 
shut-down 
mode. 


12 
RT 
Timing Resistor for the Oscillator 


13 
PWR 
Return for the High Current Totem 


GND 
pole output. 


14 
OUT 
High Current Totem pole output. 


lS 
Vcc 
Positive Supply for the IC 


16 
VREF 
Buffered output for the SV voltage 
reference. 


17 
CT 
Timing Capacitor for the Oscillator. 


18 
GND 
Analog signal ground. 
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Supply 
Current 
(Iccl 
···.········· .. ·.··.··· 
35mA 


Output 
Current, 
Source 
or Sink 
(pin 
14) 
DC 
1.0A 


Output 
Energy 
(capacitive 
load 
per cycle) 
5~J 


Multiplier 
ISINE Input 
(pin 
5) 
1.2mA 
Error Amp 
Source 
Current 
(pin 
6) 
SOmA 
Oscillator 
Charge 
Current 
2mA 


Analog 
Inputs 
(pins 
1,3,4, 
7,8,9,10,11) 
-0.3V 
to 5.5V 
Junction 
Temperature 
150°C 


Storage 
Temperature 
Range 
-65°C 
to + 150°C 
Lead Temperature 
(Soldering 
10 sec.) 
+260°C 
Thermal 
Resistance 
(ejA) 


Plastic 
DI P 
65°C!W 
Plastic 
SOIC 
65°C!W 


Temperature 
Range 
ML4821 
C 
O°C to +70°C 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 
are stress ratings 
only 
and 
functional 
device 
operation 
is not 
implied. 


ELECTRICAL CHARACTERISTICS 


Unless 
otherwise 
specified, 
RT = 6.2KQ, 
CT = 720pF, 
TA = Operating 
Temperature 
Range, 
Vcc = 15V 
(Note 
2). 


PARAMETER 


OSCillATOR 


Initial 
accuracy 
TA = 25°C 
90 
100 
110 
KHz 


Voltage 
stability 
12V < Vcc < 18V 
1 
% 


Temperature 
stability 
2 
% 


Total Variation 
Line, Temperature 
85 
115 
KHz 


Ramp Valley 
to Peak 
4.7 
5.2 
5.6 
V 


RT Voltage 
4.8 
5.0 
5.2 
V 


Discharge 
Current 
(pin 12 open) 
VPIN17 = 2V 
7.8 
8.4 
9.3 
mA 


Sync Input Threshold 
1.5 
2.0 
2.5 
V • 
Output 
Voltage 
TA=25°C,lo=lmA 
4.95 
5.00 
5.05 
V 


Line regulation 
12V < Vcc < 24V 
2 
10 
mV 


Load regulation 
1mA < 10 < 20mA 
2 
15 
mV 


Temperature 
stability 
.4 
% 


Total Variation 
line, load, temp 
4.9 
5.1 
V 


Output 
Noise Voltage 
10Hz to 10KHz 
50 
~V 


Long Term Stability 
TA = 125°C, 
1000 hrs, (Note 1) 
5 
25 
mV 


Short Circuit 
Current 
VREF= OV 
-30 
-85 
-180 
mA 


Input Offset Voltage 
0 
-15 
mV 


Input Bias Current 
-50 
-800 
nA 


Open 
Loop Gain 
2 < VP1N6< 6V 
60 
75 
dB 


PSRR 
12V<Vcc<24V 
70 
100 
dB 


Output 
Sink Current 
VPIN6 = 4V, VPIN7 = 5.5V 
300 
500 
~ 


Output 
Source Current 
VP1N6= 4.0 V, VPIN7 = 4.8V 
-10 
-30 
mA 


.~Micro Linear 


PARAMETER 


VOLTAGE 
ERROR AMPLIFIER 
(EA) (Continued) 


Output 
High Voltage 
IplNG= -SmA, 
VP1N7= 4.8V 
7.0 
7.5 
V 


Output 
Low Voltage 
IplNG= 0, VPIN7 = 5.5V 
0 
0.5 
V 


Unity 
Gain 
Bandwidth 
1.0 
MHz 


50ft Start Charge Current 
VPIN9 = 3V 
-25 
-38 
-55 
fJA 


Input Offset Voltage 
-1.5 
+2.5 
mV 


Input Bias Current 
-0.15 
-1 
fJA 


Input Offset Current 
+400 
nA 


Open 
Loop Gain 
2 < VPING< 7V 
80 
100 
dB 


PSRR 
12V<Vcc<24V 
65 
85 
dB 


Output 
Voltage 
Low 
IOL = 300~A 
0 
0.5 
V 


Output 
Voltage 
High 
IOH = -10mA 
7.0 
7.5 
V 


Input Common 
Mode 
Range 
-0.3 
2.5 
V 


Gain 
VPIN7 = 4.8V, VP1N8= OV 
0.9 
1.2 
1.3 


VPIN7 = 4.8V, VP1N8= 1.75V 
3.25 
3.88 
4.40 


VPIN7 = 4.8V, VP1N8= 2.6V 
1.35 
1.75 
2.15 
VPIN7 = 4.8V, VP1N8= 5.2V 
0.25 
0.38 
0.50 


Output 
Current 
VPIN7 = 5.2V, VPIN8 = 5.2V 
-2 
-4 
fJA 


Output 
Current 
Limit 
VPIN7 = 4.8V, 
IplNS = 500mA, 


VPIN8 = 1.75V 
370 
395 
410 
fJA 


rUM COMPARATOR 


Input Offset Voltage 


Input Offset Voltage 
Output 
Off 
-25 
5 
mV 


Hysteresis 
Output 
On 
85 
105 
130 
mV 


Input Bias Current 
-0.3 
-3 
fJA 


Propagation 
Delay 
150 
ns 


Shutdown 
Threshold 
0.4 
0.7 
1.0 
V 


PWM COMPARATOR: 
'SENSE 


Input Common 
Mode 
Range 


Propagation 
Delay 
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MAX 
I 
UNITS 
PARAMETER 


OUTPUT 
SECTION 


Output 
Voltage 
Low 
lOUT = 20mA 
0.1 
0.4 
V 


lOUT = 200mA 
1.6 
2.2 
V 


Output 
Voltage 
High 
lOUT =-20mA 
13 
13.5 
V 


lOUT = -200mA 
12 
13.4 
V 


Output 
Voltage 
Low in UVLO 
lOUT = -SmA, 
Vee = 8V 
0.1 
0.8 
V 


Output 
Rise/Fall Time 
Cl = 1000pF 
50 
ns 


Start-up Threshold 
14.5 
16.5 
V 


Shut-Down 
Threshold 
8.5 
10.5 
V 


V REF Good Th reshold 
4.4 
V 


Supply Current 
Start-up, Vee = 14V, TA = 25°C 
0.6 
1.2 
mA 
Operating, 
TA = 25°C 
26 
32 
mA 


Internal 
Shunt Zener Voltage 
Ice = 35mA 
25 
27 
35 
V 


Note 1: 
This 
parameter 
not 100% 
tested 
in production 
but guaranteed 
by design. 


Note 
2: 
Vcc 
is raised 
above 
the Start-up 
Threshold 
first to activate 
the Ie, then 
returned 
to 15V 


Note 3: 
Multiplier gain isdefined as: IOUTPIN4 


IINPIN6 


• 
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Linear 


OSCillATOR 


The ML4821 oscillator 
charges the external capacitor 
((T) 
with a current equal to 2.5/RT. When the capacitor 
voltage reaches the upper threshold, the comparator 
changes state and the capacitor discharges to the lower 
threshold through Ql . 


The Oscillator 
period can be described by the following 
relationship: 


TOSC= TRAMP+ TDEADTIME 


where: 


TRAMP= ((Ramp 
Valley to Peak) .;. (IRT/2) 


and: 


TDEADTIME= ((Ramp 
Valley to Pk) .;. (8AmA - IRT/2) 


_~n~~n 


10_1 ~ 


The ML4821 oscillator 
includes a SYNC input for 


synchronizing 
to an external frequency source. 
A positive 
pulse on this pin of 2V (typ) resets the oscillators 
comparator 
and initiates a discharge cycle for (T. The RT 


and (T component 
values which 
set the ML4821 


oscillator 
frequency should be selected to produce a 


lower frequency than the external frequency source. 


ERROR AND 
CURRENT 
AMPLIFIERS 


The ML4821 error amplifier 
is a high open loop gain, 


wide bandwidth, 
amplifier 
with a class A output. 
The soft 


start circuit controls the input to the error amplifier 
for 
closed loop soft start operation. 


The current amplifier 
(IA) is similar to the error amplifier 


but is designed for very low offsets to allow the selection 
of a low value resistor for RSENSE. 


OUTPUT 
DRIVER 
STAGE 


The ML4821 Output 
Driver is a 1A peak output high 
speed totem pole circuit designed to quickly 
drive 
capacitive 
loads, such as power MOSFET gates. The 


driver circuit's output voltage is internally 
limited to 17V. 


The ML4821 
multiplier 
is a linear current input multiplier 


which 
provides high immunity 
to the disturbances caused 
by high power switching. 
The rectified line input sine 


wave is converted to a current via a dropping 
resistor. In 
this way, small amounts of ground noise produce an 
insignificant 
effect on the reference to the PWM 
comparator. 


The output of the multiplier 
is a current which appears on 
pin 4 to form the reference for the current error amplifier 
and is given as: 


where: 


ISINEis the current in the dropping 
resistor, VEA 


is the output of the error ampl ifier 
and K is a 
constant determined 
by the V(RMS) input on 


pin 8. K assumes a higher value for the range 
from 90 to 170V than in the range above 170V. 
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vcc/ 
SOURCE SATURATION- 
VCC' 
15V 
(LOAD TO GROUND) 
ao/JS 
PULSED LOAD 


TA • 25°C 
I 
120 Hz RATE 


TA' 
-55°C 


./ 


.-V 


TA, ,., _SSO( 


/ V- 
TA·25°C- 
/ 


1/ / 
SINK SATURATION 
ILOA~ TO VC1 
fND 
'\ 


~-1.0 
~ 
~ -2.0 


Z 
~ 
OJ 
~ 
3.0 
55 
2.0 
o 
!;1 
1.0 
~ 


I 
2.5 
MULIMAX)=R; 


This sets the system current limit.The 
multiplier 
output 


current 
is converted 
into the reference voltage for the 


current (IA) amplifier 
through a resistor to ground on pin 


4, the multiplier 
output. 


Figure 6 shows the gain adjustor (K) with respect to the 
voltage at pin #8. The curve has been separated in two 
parts. The right hand part is for operation 
under normal 


conditions 
in the voltage range from minimum 
line 


voltage to maximum 
line voltage (90VAC to 260VAC). 


85VAC on the curve has been chosen to account for 
tolerances. 
Under normal operating conditions 
as input 


voltage decreases the gain increases compensating 
for the 
drop in the loop gain. 


Under brownout 
conditions 
(below 85VAC) the gain 
decreases to limit the amount of current that is drawn 
from the line thus preventing an overload condition. 
This 


is a very useful feature since in many cases the load for a 
PFC is a constant power load. The input current has to go 
high to compensate for a drop in the input voltage. 


ML4821 


VCC·15V 
Vo • 1.0V TO 5.0V 
R" 
lOOK 
TA·25°C 


90 
~.. 
~ 
120tj 
1:1 
<i 
150 


Figure 4. Error Amplifier 
Open-loop 
Gian and Phase vs. 


Frequency. 


VOLTAGE ON PIN .a 


Figure 6. K-factor. Gain adjustor gain with 


respect to the voltage at pin #8. • 
UNDER VOLTAGE LOCKOUT, 
OVP AND CURRENT LIMIT 


On power-up the ML4821 
remains in the UVLO 
condition; 
output 
low and quiescent current low. 
The IC 


becomes operational 
when Vcc reaches 16V. 
When 
VCC drops below 9V, the UVLO condition 
is imposed. 


During the UVLO condition, 
the 5V Vref pin is "off", 


making it usable as a "flag" for starting up a down-stream 
PWM converter. 


OVP, SHUTDOWN, 
AND 
IC BIAS 


When the input to the OVP comparator 
exceeds VREF, the 


output of the ML4821 
is inhibited. 
The OVP input also 


functions as a "sleep" input, putting the IC into the low 
quiescent UVLO state when the OVP pin is pulled below 
O.7v. 


OFF-LINE START-UP AND BIAS SUPPLY GENERATION 


The circuit 
in Figure 11 below supplies Vcc power to the 


ML4821. 
Start-up current is delivered 
via R1O. The Ie 


starts when pin 15 reaches 15.5V. After that time running 
power is delivered 
through the tap on L1. The 
configuration 
shown delivers a voltage proportional 
to 


VOUT. 


$~Micro Linear 


SINE INPUT CURRENT (~A) 


Figure 7. Multiplier linearity. 
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Np 
YOUT 


NS 
= 14V 


DOC to +7DoC 


DOC to +7DoC 
ML4821CP 
ML4821CS 
18-Pin Molded 
DIP (P18) 


18-Pin Molded 
SOIC (S18W) 
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Average Current PFC Controller 
Evaluation Kit 


The ML4821 EVAL kit provides a convenient 
vehicle to 
evaluate the ML4821 
average current sense power factor 


correction 
control 
IC It contains all of the necessary 
documentation 
with the evaluation 
board and key 
components 
to quickly 
evaluate the application 
circuit. 


The board is designed for a 200W universal input PFC 
circuit. 
However 
power components 
can be replaced for 


higher or lower power applications. 


• 
User's Guide 


• 
ML4821 
Datasheet 


• 
Application 
Note 16 


• 
ML4861 
Sample 


• 
Evaluation Board 


• 
Key Power Semiconductor 
Components 


• 
Powder Iron Toroidal Inductor 


• 
Input and output filter capacitors 


• 
Heatsinks 


• 
Harmonic 
currents well below proposed IEC555-2 


limits. 


• 
Power Factor» 
.99 


• 
THD < 5% 


• 
Universal 
Input Range (85Vac to 256Vac) 


• 
380V output at 200W. 


• 
Efficiency as high as 94%. 


• 
Auxiliary 
supply from additional 
inductor winding. 


• 
OVP protection. 
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ML4823 


High Frequency Power Supply Controller 


The ML4823 High Frequency PWM Controller 
is an IC 
controller 
optimized for use in Switch Mode Power 


Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller 
is 
designed for single-ended applications using voltage or 
current mode and provides for input voltage feed 
forward. 


A 1V threshold current limit comparator provides 
cycle-by-cycle current limit and exceeding a 1.4V 
threshold 
initiates a soft-start cycle. The soft start pin 


doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and prevent 
multiple 
pulsing. An under-voltage lockout circuit with 


800mV of hysteresis assures low startup current and 
drives the outputs low during fault conditions. 


The ML4823 is fabricated on a 40V bipolar process 
FB3480Power Supply Controller Array. Customized 
versions of this controller 
are therefore easily 


implemented. 
Please refer to the FB3480datasheet for 


more information. 


This controller 
is similar in architecture and 


performance to the UC1823 controller, however the 
ML4823 includes features not found on the 1823. 
These features are set in Italics. 


• Practical Operation at Switching Frequencies to lOMHz 
• High Current 
(2A peak) Totem Pole Output 


• Wide 
Bandwidth 
Error Amplifier' 


• Fully Latched Logic 
• Pulse-by-Pulse Current 
Limiting 


• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with 
Hysteresis 


• 5.1V,±1% Trimmed Bandgap Reference 
• Pin Compatible 
Improved 
Replacement for UC1823 


• Fast Shut Down Path from Current 
Limit to Outputs 


• 50ft Start Latch Ensures Full 50ft Start Cycle 
• Outputs 
Pull Low for Undervoltage 
Lockout 


'Micro 
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ML4823 


Ml4823 


16-Pin DIP 
Ml4823 
20-Pin pee 


PWR 
GND 


IIUM) REF 


RAMP t 
NC t 
GND 


SOFT 
IIUMI/S.D. 
STARr 


PIN DESCRIPTION 


PIN # 
NAME 
FUNCTION 
PIN # 
NAME 
FUNCTION 


1 
INV 
Inverting input to error amp. 
9 
1(L1M)fS.D. Current limit sense pin. Normally • 


2 
NI 
Non-inverting 
input to error amp. 
connected to current sense 


3 
EfA OUT 
Output 
of error amplifier and 
resistor. 


input to main comparator. 
10 
GND 
Analog Signal Ground. 


4 
CLOCK 
Oscillator output. 
11 
1(L1M)REF 
Reference input for cycle-by-cycle 


5 
R(T) 
Timing Resistor for Oscillator - 
current limit comparator. 


sets charging current for oscillator 
12 
PWR GND 
Return for the High Current 


timing capacitor (pin 6). 
Totem pole outputs. 


6 
cm 
Timing Capacitor for Oscillator. 
13 
Vc 
Positive Supply for the High 


7 
RAMP 
Non-Inverting 
input to main 


Current Totem pole outputs. 


comparator. Connected to C(T) for 
14 
OUT B 
High Current Totem pole output. 


Voltage Mode operation or to 
15 
Vcc 
Positive Supply for the Ie. 


current sense resistor for current 
16 
5.1V REF 
Buffered output for the 5.1V 
mode. 


8 
SOFT START Normally connected to Soft Start 


voltage reference. 


Capacitor. 


'Micro 
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Supply 
Voltage 
(Pins 15, 13) 
30V 


Output 
Current, 
Source 
or Sink (pins 11, 14) 
DC 
. . . . . . . . . .. .. .. .. .. .. .. .. . . . . .. .. . .. 
O.5A 


Pulse (0.5J.1S) 
2.0A 


Analog 
Inputs 
(pins 1, 2, 7, 8, 9) 
-O.3V to 6V 


Clock 
Output 
Current 
(pin 4) 
.. .. 
.. .. .. 
-SmA 


Error Amplifier 
Output 
Current 
(pin 3) 
SmA 


Soft Start Sink Current 
(Pin 8) 
...............•......... 
20mA 


Oscillator 
Charging 
Current 
(Pin 5) 
-SmA 


Junction 
Temperature 
ML4823M 
.........................•...•............. 
150°C 
ML48231, ML4823C 
125°C 
Storage Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering 
10 sec.) 
+260°C 


Thermal 
Resistance 
(DJA) 


Plastic DIP 
.....................•.................. 
65°C/W 


Ceramic 
DIP 
.......................•.............. 
65°C/W 


Plastic Chip 
Carrier 
(PCC) 
60°C/W 


Temperature 
Range 


ML4823M 
-55°C 
to +125°C 


ML48231 ....................•.............. 
-4Q°C to +85°C 


ML4823C 
O°C to +70°C 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings 
only 
and 
functional 
device 
operation 
is not 


implied. 


ELEaRICAL CHARAaERISTICS 
Unless 
otherwise 
specified, 
RT = 3.65KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vcc = 15\1, 


Initial 
Accuracy 
T) = 25°C, (note 
1) 
360 
400 
440 
KHz 


Voltage 
Stability 
10V < Vcc < 30\1, (note 
1) 
0.2 
3 
% 


Temperature 
Stability 
(note 
1) 
5 
% 


Total Variation 
line, temp, 
(note 
1) 
340 
460 
KHz 


Clock 
Out 
High 
3.9 
4.5 
V 


Clock 
Out 
Low 
2.3 
2.9 
V 


Ramp Peak 
(note 
1) 
2.6 
2.8 
3.0 
V 


Ramp Valley 
(note 
1) 
0.7 
1.0 
1.25 
V 


Ramp Valley to Peak 
(note 
1) 
1.6 
1.8 
2.0 
V 


Output 
Voltage 
TJ = 25°C, 10 = lmA 
5.00 
5.10 
5.20 
V 


Line Regulation 
10V < Vcc < 30V 
2 
20 
mV 


Load Regulation 
lmA < 10< 10mA 
5 
20 
mV 


Temperature 
Stability 
-55°C < T, < 150°C, (note 
1) 
.2 
.4 
% 


Total Variation 
line, load, temp. 
(note 
1) 
4.95 
5.25 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
/lV 


Long Term Stability 
TJ = 125°C, 1000 hrs, (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
, 


VREF = OV 
-15 
-50 
-100 
mA 


Input 
Offset 
Voltage 
TA = 25°C 
±15 
mV 


Operating 
Temperature 
Range 
±20 
mV 


Input 
Bias Current 
.6 
3 
/lA 


Input 
Offset 
Current 
.1 
1 
/lA 


Open 
Loop 
Gain 
1 < Vo < 4V 
60 
95 
dB 
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ELEORICAL 
CHARAOERISTICS 
(Continued) 
Unless 
otherwise 
specified, 
RT = 3.6SKn, 
CT = 1000pF, TA = Operating 
Temperature 
Range, Vcc = 1SV. 


PARAMETER 


Error Amplifier Section (Continued) 


CMRR 
1.5 < Vcc < 5.5V, TA = 25°C 
75 
95 
dB 
Operating 
Temperature 
Range 
65 
dB 


PSRR 
10 < Vcc < 30V, TA = 25°C 
80 
110 
dB 
Operating 
Temperature 
Range 
75 
dB 


Output 
Sink Current 
VP1N 3 = lV 
1 
2.5 
mA 


Output 
Source Current 
VP1N 3 = 4V 
-.5 
-1.3 
mA 


Output 
High Voltage 
IP1N 3 = -{).5mA 
4.0 
4.7 
5.0 
V 


Output 
low Voltage 
IplN 3 = lmA 
0 
0.5 
1.0 
V 


Unity Gain Bandwidth 
(note 1) 
3 
5.5 
MHz 


Slew Rate 
(note 1) 
6 
12 
Vlf.JS 


Pin 7 Bias Current 
VP1N 7 = OV 
-1 
-10 
IlA 


Duty Cycle Range 
Ml4823C 
0 
80 
% 


Ml4823M, Ml48231 
TA ~ 
25°C 
0 
80 
% 


Ml4823M, Ml48231 
TA < 25°C 
0 
70 
% 


Pin 3 Zero DC Threshold 
VP1N 7 = OV 
1.1 
1.25 
V 


Delay to Output 
(note 1) 
50 
80 
ns 
Soft-Start Section 


Charge Current 


Discharge Current 
Current Limit/Shutdown Section 


Vp1N 8 = O.5V 


VP1N 8 ~ 1V 


Pin 9 Bias Current 
OV< VPIN 9 < 4V 
±15 
IlA 
Current 
limit Offset 
Vp1N 11 = 1.lV 
0 
30 
mV 


Pin 11 Common 
Mode Range 
TA> 25°C 
1.0 
1.25 
V 


TA < 25°C 
1.1 
1.25 
V 


Shutdown 
Threshold 
1.25 
1.4 
1.60 
V 


Delay to Output 
(note 1) 
40 
70 
ns 


Output 
low level 
lOUT= 20mA 
.25 
.4 
V 


lOUT= 200mA 
1.2 
2.2 
V 


lOUT= -20mA 
13.0 
13.5 
V 
Output 
High level 
lOUT= -200mA 
12.0 
13.0 
V 
Collector leakage 
Vc ~ 30V 
100 
500 
IlA 
Rise/Fall Time 
CL = l000pF, (note 1) 
30 
60 
ns 


Under-Voltage lockout Section 


Start Threshold 


UVlO Hysteresis 
Supply Current 


Start Up Current 
Vcc = 8V, TA ~ 
O°C 
1.1 
2.5 
mA 


TA ~ 
O°C 
3.5 
mA 


Ice 
Vp1N 1, 7, 9 = Ov, 
25 
33 
mA 


VP1N 2 = lV, TA = 25°C 
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OSCILLATOR 


The ML4823 oscillator 
charges the external capacitor 


(CT) with 
a current 
(ISET)equal to 3/RsET.When 
the 
capacitor 
voltage 
reaches the upper threshold 
(Ramp 


Peak), the comparator 
changes state and the capacitor 


discharges to the lower threshold 
(Ramp Valley) through 


Q1. While 
the capacitor 
is discharging, 
Q2 provides 
a 
high pulse. 


The Oscillator 
period 
can be described 
by the 
following 
relationship: 


TOSC = TRAMP+ TDEADTIME 
where: 
TRAMP= C (Ramp Valley to Peak)/lsET 


and: 
TDEADTIME= C (Ramp Valley to Peak)/IQl 
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ERRORAMPLIFIER 


The ML4823 error amplifier is a S.SMHz bandwidth 
12V/f.lSslew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing 
the soft start function. 
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OUTPUT DRIVERSTAGE 


The ML4823 Output 
Driver is a 2A peak output 
high 


speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 10. Rise/FallTime (el = 10,000pF) 
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Figure 8. Saturation Curves 
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TEMPERATURE 
(00 


SOFT 
START AND 
CURRENT 
LIMIT 


The ML4823 employs two current limits. When the 
voltage at pin 9 exceeds the I(UM) REFthreshold on 
pin 11, the outputs are immediately shut off and the 
cycle is terminated for the remainder of the oscillator 
period by resetting the RSflip flop. 


If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 9 
reaches 1.4V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 8) is 
discharged and outputs are held "off" until the voltage 
at pin 8 reaches 1\; ensuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 8. 


TEMPERATURE 


RANGE 
PACKAGE 


Molded DIP (P16) 
Molded PCC (Q20) 
Molded DIP (P16) 
Molded PCC (Q20) 
Hermetic DIP (J16) 
Molded SOIC (S16W) 


PART NUMBER 


ML4823CP 
ML4823CQ 
ML48231P 
ML4823IQ 
ML4823Mj 
ML4823CS 


O°C to +70°C 
O°C to +70°C 
-40°C to +85°C 
-40°C to +85°C 
-55°C to +125°C 
O°C to +70°C 
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ML4825 


High Frequency Power Supply Controller 


The ML4825 High Frequency PWM Controller 
is an IC 
controller 
optimized for use in Switch Mode Power 


Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller 
is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 


A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold 
initiates a soft-start cycle. The soft start pin 


doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free 
operation and 


prohibit 
multiple 
pulsing. An under-voltage lockout 


circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 


The ML4825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller 
Array. 
Customized versions of this controller 
are therefore 


easily implemented. 
Please refer to the- FB3480 


datasheet for more information. 


This controller 
is similar in architecture and 
performance to the UC1825 controller, however the 
ML4825 includes many features not found on the 1825. 
These features are set in Italics. 


• Practical Operation at Switching Frequencies to lOMHz 
• High Current 
(2A peak) Dual Totem Pole Outputs 


• Wide 
Bandwidth 
Error Amplifier 
• Fully Latched Logic with 
Double 
Pulse Suppression 


• Pulse-by-Pulse Current 
Limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with 
Hysteresis 


• 
5.1\1, ±1% Trimmed Bandgap Reference 


• Pin Compatible 
Improved 
Replacement 
for UC1825 


• Fast Shut Down 
Path from Current 
Limit to Outputs 


• Outputs 
Preset to Known 
Condition 
After 
Under 
Voltage Lockout 
• Soft Start Latch Ensures Full Soft Start Cycle 
• Outputs 
Pull Low for Undervoltage 
Lockout • 


POWER Vc 


13 


our A 
11 


our B 
14 


POWER GND 
12 
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ML4825 
ML4825 
ML4825 
20-Pin PCC 
16-Pin DIP 
16-Pin SOIC 


5.1V REF 


NI 
INV 
NC t 
Vcc 


INV 
5.1V REF 
INV 
5.1V REF 


NI 
Vcc 
NI 
Vcc 
E/AOUT 
OUTB 


E/A OUT 
OUTB 
E/A OUT 
OUTB 
CLOCK 
Vc 


CLOCK 
Vc 
CLOCK 
Vc 
NC 
NC 


R(T) 
PWRGND 
R(T) 
PWRGND 
R(T) 
PWRGND 


C(T) 
OUTA 
C(T) 
OUTA 
C(T) 
OUTA 


RAMP 
GND 
RAMP 
GND 


SOFT START 
1(1IM)/S.D. 
RAMP t 
NC t GND 
SOFT START 
l(lIM)/S.D. 
SOFT START 
1(1IM)/S.D. 


TOP VIEW 
TOP VIEW 


PIN DESCRIPTION 


PIN '* 
NAME 
FUNGION 
PIN '* 
NAME 
FUNGION 


1 
INV 
Inverting input to error amp. 
9 
l(lIM)/S.D. 
Current limit sense pin. Normally 


2 
NI 
Non-inverting 
input to error amp. 
connected to current sense 
resistor. 


3 
E/A OUT 
Output 
of error amplifier and 
GND 
Analog Signal Ground. 
input to main comparator. 
10 


4 
CLOCK 
Oscillator output. 
11 
OUT A 
High Current Totem pole output. 
This output 
is the first one 
5 
R(T) 
Timing Resistor for Oscillator - 
energized after Power On Reset. 


sets charging current for oscillator 
12 
PWR GND 
Return for the High Current 
timing capacitor (pin 6). 


6 
cm 
Timing Capacitor for Oscillator. 


Totem pole outputs. 


13 
Vc 
Positive Supply for the High 
7 
RAMP 
Non-Inverting 
input to main 
Current Totem pole outputs. 
comparator. Connected to cm for 
14 
OUT B 
High Current Totem pole output. 
Voltage Mode operation or to 
current sense resistor for current 
15 
Vcc 
Positive Supply for the Ie. 


mode. 
16 
5.1V REF 
Buffered output for the 5.1V 
8 
SOFT START Normally connected to Soft Start 
voltage reference. 


Capacitor. 
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Supply 
Voltage 
(Pins 15, 13) 
30V 


Output 
Current, 
Source 
or Sink (pins 11, 14) 
DC 
; 
O.5A 


Pulse (0.5J./S)................•......................... 
2.0A 


Analog 
Inputs 
(Pins 1, 2, 7) ...........................•....... 
-D.3V to 7V 


(Pins 9, 8) 
-D.3V to 6V 


Clock 
Output 
Current 
(pin 4) 
-SmA 
Error Amplifier 
Output 
Current 
(Pin 3) 
SmA 


Soft Start Sink Current 
(Pin 8) 
20mA 


Oscillator 
Charging 
Current 
(pin 5) 
......•.......•..... 
-SmA 


Junction 
Temperature 
Ml48251, 
Ml4825C 
125°C 


Storage Temperature 
Range 
~5°C 
to +150°C 
lead 
Temperature 
(Soldering 
10 sec.) 
+260°C 


Thermal 
Resistance (8JA) 


Plastic DIP or sOIC 
.............•... 
,.. 
.. . .. . 
65°C/W 


Plastic Chip 
Carrier 
(PCO 
60°C/W 


Temperature 
Range 
Ml48251 
.............•...•..........•...... 
-40°C 
to +85°C 


Ml4825C 
O°C to +70°C 


Absolute 
maximum 
ratings are those 
values 
beyond 
which 
the 


device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 
are stress ratings 
only 
and functional 
device 
operation 
is not 


implied. 


ELEaRICAL CHARAaERISTICS 
Unless 
otherwise 
specified, 
RT = 3.65KO, 
CT = 1000pF, 
TA = Operating 
Temperature 
Range, 
Vcc 
= 15\1. 


Initial 
Accuracy 
TJ = 25°C, (note 
1) 
360 
400 
440 
KHz 


Voltage 
Stability 
10V < Vcc < 30\1. TA=25°C 
(note 
1) 
0.2 
2 
% 


Temperature 
Stability 
(note 
1) 
5 
% 


Total Variation 
line, temp, 
(note 
1) 
340 
460 
KHz 


Clock 
Out 
High 
3.9 
4.5 
V 


Clock 
Out 
low 
2.3 
2.9 
V 


Ramp Peak 
(note 
1) 
2.6 
2.8 
3.0 
V 


Ramp Valley 
(note 
1) 
0.7 
1.0 
1.25 
V 


Ramp Valley to Peak 
(note 
1) 
1.6 
1.8 
2.0 
V 


Ml4825C 
TJ = 25°C, 10= 1mA 
5.00 
5.10 
5.20 
V 
Output 
Voltage 


Ml48251 
5.05 
5.10 
5.15 
V 


line 
Regulation 
10V < Vcc < 30V 
2 
20 
mV 


load 
Regulation 
1mA < 10 < 10mA 
5 
20 
mV 


Temperature 
Stability 
-55°C < TJ < 150°C, (note 
1) 
.'f. 
.4 
% 


Total Variation 
Ml4825C 
line, load, temp 
(note 
1) 
4.95 
5.25 
V 
, 


Ml48251 
line, 
load, temp 
TA > O°C, (note 
1) 
5.00 
5.20 
V 


Ml48251 
line, load, temp 
TA < O°C, (note 
1) 
4.95 
5.25 
V 


Output 
Noise 
Voltage 
10Hz to 10KHz 
50 
JiV 


long 
Term Stability 
TJ = 125°C, 1000 hrs, (note 
1) 
5 
25 
mV 


Short 
Circuit 
Current 
VREF = OV 
-15 
-50 
-100 
mA 


Input 
Offset 
Voltage 
I Ml48251,C 
TA > O°C 
'. 
15 
mV 
I Ml48251 
TA < O°C 
20 
mV 


Input 
Bias Current 
.6 
3 
JiA 


Input 
Offset 
Current 
.1 
1 
JiA 


Open 
loop 
Gain 
1 < Vo < 4V 
60 
96 
dB 
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PARAMETER 


Error Amplifier 
Section (Continued) 


CMRR 
ML48251,C 
1.5V < VCM < 5.5V, TA> O°C 
75 
95 
dB 


ML48251 
1.5V < VCM < 5.5V, TA < O°C 
65 
95 
dB 


PSRR 
ML48251,C 
10V < Vcc < 30V, TA> O°C 
80 
110 
dB 


ML48251 
10V < Vcc < 30V, TA < O°C 
75 
110 
dB 


Output 
Sink Current 
Vp1N 3 ~ 1V 
1 
2.5 
mA 


Output 
Source 
Current 
VP1N 3 = 4V 
-.5 
-1.3 
mA 


Output 
High 
Voltage 
IP1N 3 = -o.5mA 
4.0 
4.7 
5.0 
V 


Output 
Low Voltage 
IplN 3 = 1mA 
0 
0.5 
1.0 
V 


Unity 
Gain Bandwidth 
(note 
1) 
-- 
3 
5.5 
MHz 


Slew Rate 
(note 
1) 
6 
12 
V/jJS 


Pin 7 Bias Current 
ML48251,C 
VP1N 7 = OV, TA> O°C 
-1 
-5 
pA 


ML48251 
Vp1N 7 = OV, TA < O°C 
-10 
pA 


Duty 
Cycle 
Range 
ML4825C 
0 
85 
% 


ML48251 
TA> O°C 
0 
80 
% 


ML48251 
TA < O°C 
0 
70 
% 


Pin 3 Zero 
DC Threshold 
Vp1N 7 ~ OV 
1.1 
1.25 
V 


Delay to Output 
(note 
1) 
50 
80 
ns 


Soft-Start 
Section 


Charge 
Current 


Discharge 
Current 


Current 
Limit/Shutdown 
Section 


VP1N 
8 = O.5V 


Vp1N 8 = 1V 


Pin 9 Bias Current 
I ML4825C 
OV < VP1N 9 < 4V 
+10 
pA 
I ML48251 
OV < Vp1N 9 < 4V 
+15 
pA 


Current 
Limit 
Threshold 
.9 
1 
1.1 
V 


Shutdown 
Threshold 
TA> 
O°C 
1.25 
1.4 
1.55 
V 


TA < O°C 
1.25 
1.4 
1.60 
V 


Delay to Output 
(note 
1) 
40 
70 
ns 


Output 
Low Level 
lOUT = 20mA 
.25 
.4 
V 


lOUT = 200mA 
1.2 
2.2 
V 


Output 
High 
Level 
lOUT ~ -20mA 
13.0 
13.5 
V 


lOUT = -200mA 
12.0 
13.0 
V 


Collector 
Leakage 
Vc = 30V 
100 
500 
pA 


Rise/Fall Time 
CL = 1000pF, (note 
1) 
30 
60 
ns 


Under-Voltage 
Lockout 
Section 


Start Threshold 


UVLO Hysteresis 


Supply Current 


Start Up Current 
I ML48251,C 
Vcc 
= 8V, TA > O°C 
1.1 
2.5 
mA 


I ML48251 
Vce ~ 8V, TA < O°C 
3.5 
mA 


lee 
VP1N 1 79 
= Ov, Vp1N 2 ~ 1V, TA=25°C 
26 
33 
mA 
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OSCILlATOR 


The ML4825 oscillator 
charges the external capacitor 


(CT) with 
a current 
(ISET)equal to 3/RsET.When 
the 


capacitor 
voltage reaches the upper 
threshold 
(Ramp 


Peak), the comparator 
changes state and the capacitor 


discharges to the lower threshold 
(Ramp Valley) through 


Q1. While 
the capacitor 
is discharging, 
Q2 provides 
a 


high pulse. 


The Oscillator 
period 
can be described 
by the 


following 
relationship: 


TOSC= TRAMP+ TDEADTIME 


where: 
TRAMP= C (Ramp Valley to Peak)/ISET 


and: 
TDEADTIME= C (Ramp Valley to Peak)/IQl 


r - - - 
- - - 
- 
- - 
- - - - 
- 
-I 
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• 
ERROR AMPLIFIER 


The ML4825 error amplifier 
is a 5.5MHz 
bandwidth 


12V/ps slew rate op-amp 
with 
provision 
for limiting 
the 


positive output 
voltage swing (Output 
Inhibit 
line) for 


ease in implementing 
the soft start function. 
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OUTPUT 
DRIVER STAGE 


The ML4825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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TEMPERATURE 
(°0 


SOFT 
START AND 
CURRENT 
LIMIT 


The ML4825 employs two current limits. When the 
voltage at pin 9 exceeds 1V, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 


If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated. The soft start 
capacitor (pin 8) is discharged and outputs are held 
"off" until the voltage at pin 8 reaches 1V, ensuring a 
complete soft start cycle. The duty cycle on start up is 
limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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PART NUMBER 


Ml4825CP 
Ml4825CQ 
Ml48251P 
Ml48251Q 
Ml4825CS 


TEMPERATURE 
RANGE 


O°C to +70°C 
O°C to +70°C 
-40°C 
to +85°C 


-40°C 
to +85°C 
O°C to +70°C 


PACKAGE 


Molded 
DIP (P16) 


Molded 
PCC (Q20) 
Molded 
DIP (P16) 


Molded 
PCC (Q20) 
Molded 
SOIC (S16Wj 
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• 


ML4830 


Electronic Ballast Controller 


The ML4830 is a complete solution for a dimmable, high 
power factor, high efficiency electronic ballast. Contained 
in the ML4830 are controllers for "boost" 
type power factor 


correction 
as well as for a dimming ballast. 


The Power factor circuit uses the average current sensing 
method with a current fed multiplier and over-voltage 
protection. 
This system produces power factors of better 


than 0.99 with low input current THD at> 95% efficiency. 
Special care has been taken in the design of the ML4830 to 
increase system noise immunity 
by using a high amplitude 


oscillator, and a current fed multiplier. An over-voltage 
protection 
comparator 
stops the PFC section in the event of 


sudden load decrease. 


The ballast section provides for programmable 
starting 


scenarios with programmable 
pre-heat and lamp out-of- 


socket interrupt times. The IC controls lamp output 
through either frequency or Pulse Width control using lamp 
current feedback. 


The ML4830 
is designed using Micro Linear's Semi-Standard 
tile array methodology. 
Customized versions of this IC, 


optimized 
to specific ballast architectures can be made 


available. 
Contact Micro Linear or an authorized 
represen- 


tative for more information. 


• 
Complete 
Power Factor Correction 
and Dimming 
Ballast 
Control on one IC 


• 
Low Distortion, 
High Efficiency Continuous 
Boost, 


Average Current sensing PFC section 


• 
Programmable Start Scenario for Rapid or Instant Start 
Lamps 


• 
Lamp Current feedback for Dimming Control 


• 
Selectable Variable Frequency or PWM dimming modes 


• 
Programmable 
Restart for lamp out condition 
to reduce 


ballast heating 


• 
Over-Temperature 
Shutdown feature replaces external 


heat sensor for safety. 


• 
PFC Over-Voltage comparator 
eliminates output "run- 


away" due to load removal 


• 
Large oscillator amplitude and current fed multiplier 
improves noise immunity 


12 
R(X)jC(X) 


INTERRUPT 
10 


OVPjlNHIBIT 


IAOUT 


IA - 


IA+ 


I(SINE) 


EA OUT 


EA - 


PRE·HEAT 
AND 
INTERRUPT 
TIMERS 


POWER 
FACTOR 
CONTROLLER 


MODE 


LAMP 
F.B. 


LFB OUT 


OUTPUT 
DRIVERS 


PWM 
OR 
FREQUENCY 
MODULATOR 


UNDER-VOLTAGE 
AND 
THERMAL 
SHUTDOWN 
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PIN CONFIGURATION 
ML4830 
20-Pin DIP (P-20) 


tA- 
20 
EA OUT 


IAOUT 
2 
19 
EA - 


I(SINE) 
3 
18 
Vref 


IA + 
4 
17 
VCC 


LAMP F.B. 
5 
16 
PFC OUT 


LFB OUT 
6 
15 
OUTA 


R(SET) 
7 
14 
OUTB 


MODE 
8 
13 
GND 


R(T)/C(T) 
9 
12 
R(X)/C(X) 


INTERRUPT 
10 
11 
OVP/INHIBIT 


TOP VIEW 


PIN DESCRIPTION 


PIN# 
NAME 


IA- 


2 
IAOUT 


3 
I (SINE) 


4 
IA+ 


5 
LAMP 
F.B. 


Inverting 
input 
of the 
PFC average 
current 
error 
amplifier 


Output 
and 
compensation 
node 
of the 
PFC average 
current 
error 
amplifier 


PFC Current 
Multiplier 
input. 


Non-Inverting 
input 
of the 
PFC 
average 
current 
error 
amplifier 
and 
input 
of peak 
current 
limit 
comparator 


Inverting 
input 
of an Error Amplifier 
used 
to sense 
(and 
regulate) 
lamp 
arc 
current. 
Also 
the input 
node 
for 
dimming 
control 


Output 
from 
the 
Lamp 
Current 
Error 


Amplifier 
used for lamp 
current 
loop 


compensation 


External 
resistor 
which 
sets oscillator 
FMAX 
Multiplier 
max 
lOUT and 
R(X)I 


C(X) charging 
current 


Controls 
how 
the 
Lamp 
Current 
Error 


Amp 
and 
preheat 
timers 
modulate 
the 
ballast 
outputs. 
Two 
Variable 
Fre- 
quencyand 
1 PWM 
mode 
are 
available 
through 
this pin 


Oscillator 
timing 
components 


11 
OVPI 


INHIBIT 


12 
R(X)/C(X) 


13 
GND 


14 
OUTB 


15 
OUT 
A 


16 
PFC OUT 


17 
VCC 


18 
Vref 


19 
EA - 


20 
EA OUT 


A voltage 
of greater 
than 
Vref 
resets 


the chip 
and 
causes 
a restart 
after 
a 


delay 
of 3 times 
the start 
interval. 


Used 
for lamp-out 
detection 
and 


restart 


When 
the voltage 
of this pin exceeds 
•• 


5V, the PFC output 
is inhibited. 
When -=- 


the voltage 
exceeds 
6.8V, the 
IC 
function 
is inhibited 
and the 
IC is 


reset. 
This pin can be used for a 


remote 
ballast 
shut-down 


Sets the timing 
for the preheat, 


dimming 
lockout, 
and 
interrupt 


IC Ground 


Ballast 
MOSFET 
drive 
output 


Ballast 
MOSFET 
drive 
output 


Power 
Factor 
MOSFET 
drive 
output 


Positive 
Supply 
for the 
IC 


Buffered 
output 
for the 5V voltage 


reference 


Inverting 
input 
to PFC error 
amplifier 


PFC Error Amplifier 
output 
and 
compensation 
node 
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PREHEAT 
AND 
INTERRUPT 
TIMER 


INH 
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Fl 
11 


D7 


L2 
R23 
R24 
R22 
C7 


Ql 
C18 


R12 
R14 


Rl 
R3 


PGND 


T2A~::~~:: 


RED 
00 


• 
RED 
= 
C14 


T4 


R19 


R26 


DIMMING 
DIO 
CONTROL 


(TP21 


R25 


e12 
C21 
Rl7 


D13 
R27 
Dll 
Rl8 


Cl7 


PGND 
R8 
D9 
Rl5 


INHIBIT 


(TPl) 


III 


TEMPERATURE 


RANGE 
PACKAGE 


MOLDED 
DIP (P20) 


Other 
packages 
and temperature 
ranges can be made available 
Dn request. 
CDntact 
your 
local Micro 
Linear Representative 


for more 
information. 
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Low Voltage Boost Regulator 


The ML4861 is a complete solution for DC to DC conver- 
sion for 1 to 3 cell battery powered systems. The systems 
requires a minimum 
number of external components: 
one 
inductor and one capacitor. 
The boost circuit of the 
ML4861 is capable of running with input voltages as low as 
1V. Three different versions are available: a 5V output, 
3.3V output, or an adjustable version. 


Special care was taken in the design of the ML4861 to 
optimize 
system efficiency. 
Synchronous rectification 


eliminates the need for an external schottky diode and 
provides lower forward drop. 
The regulator operates using 
discontinuous 
boost and only starts an output pulse when 
the output voltage has drooped. 
The regulator operates as 


a variable frequency system and only uses power when 
switching. 


The circuit also contains a RESEToutput which goes low 
when the IC can no longer function due to low input 
voltage, or when the DETECTinput drops below 200mV. 


The ML4861 output is ±5% accurate and is specified as a 
complete system. Typical efficiency is 90% for a 5V output 
with a 2.5V input. 


The ML4861 is fabricated using Micro Linear's FC3580. 
This allows for customizing 
of the IC for a user's specific 


application. 
Contact Micro Linear for more information. 


• 
Synchronous Rectification for high efficiency (90%) 


• 
Minimal 
External Components: 
1 Cap, 1 Inductor 


• 
Very Low Ros ON (0.2Q N-Channel, 0.5Q P-Channel) 


• 
Works down to 1V input 


• 
Reset flag to Microprocessor 
when VIN is removed 


• 
Micro Power BiCMOS (50IlA 
'SUPPLY) 


• 
Low output detect comparator 


• 
8-Pin SOIC Package 


• 
5V, 3.3V and Adjustable Output Versions 


----- 
DETECT 
4 
, OPTIONAL 


C2 
2 
Vref 


:::r:: 


BOOST 


CONTROL 
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ML4861 fixed output 
8-Pin SOIC (S08) 


ML4861 adjustable 
8-Pin SOIC (S08) 


PWR GND 


RESET 


PWRGND 


RESET 


GND 


DETECT 


GND 


SENSE 


Part 
Output 
Temperature 
• 


Number 
Voltage 
Range 
Package 


ML4861 CS-3.3 
3.3V 
O°C to 70°C 
SOIC (508) 


ML4861 CS-S.O 
S.OV 
O°C to 70°C 
SOIC (508) 


ML4861 CS-ADJ 
ADJUSTABLE 
O°C to 70°C 
SOIC (508) 


FIXED OUTPUT 
VERSIONS 
ADJUSTABLE 
VERSION 


PIN# NAME 
FUNCTION 
PIN# NAME 
FUNCTION 
• 


1 
V1N 
Battery Input voltage. 
1 
V1N 
Battery Input voltage. 


2 
Vref 
200mV Reference pin. 
2 
Vref 
200mV Reference pin. 


3 
GND 
Analog signal ground. 
3 
GND 
Analog signal ground. 


4 
DETECT 
When this input is below Vref, the RESET 
4 
SENSE 
Programming pin for the adjustable 
pin goes low. 
voltage version. 


S 
VOUT 
Output 
of the Boost Regulator 
S 
VOUT 
Output 
of the Boost Regulator 


6 
VL 
Boost Inductor Connection 
6 
VL 
Boost Inductor Connection 


7 
RESET 
Output 
goes low when regulation cannot 
7 
RESET 
Output 
goes low when regulation cannot 


be achieved or when DETECTis below 
be achieved 


200mV. 
8 
PWR GND 
Power Ground 


8 
PWR GND 
Power Ground 
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Voltage 
on any pin 
6V 


Peak 
Inductor 
Current 
1A 


Junction 
Temperature 
150°C 


Storage 
Temperature 
Range 
-65°C 
to +150°C 
Lead Temperature 
(Soldering 
10 Sec.) 
+260°C 


Thermal 
Resistance 
(SIA) 
SOIC 
85°C/W 


Temperature 
Range 
O°C 
to +70°C 


Operating 
Voltage 
Range 


~ 
1mro~m~N 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the device 
could 
be permanently 
damaged. 
Absolute 


maximum 
ratings 
are stress ratings 
only 
and 
functional 


device 
operation 
is not 
implied. 


Unless 
otherwise 
specified, 
TA=Operating 
Temperature 
Range, 
VOUT = 5V for ML4861-5.0, 
-AD), 
VOUT = 3.3V 
for 
ML4861-3.3. 


I 
MIN 
I 
TYP 
I 
MAX 
I UNITS 
PARAMETER 


SUPPLY CURRENT 


V1N Current 
VIN=VOUT -0.2V 
50 
70 
!IA 


VOUT Quiescent 
Current 
5 
8 
!IA 


VL Quiescent 
Current 
1 
2 
!IA 


REFERENCE SECTION 


Vref Output 
Voltage 


PFM REGULATOR 


Pulse Width 
9 
10 
11 
!IS 


Output 
Voltage 
I ML4861-50, 
·AD) 
Table 1,0 < lOUT < IMAX 
4.75 
5 
5.25 
V 
I ML4861-3.3 
Table 1,0 < lOUT < IMAX 
3.135 
3.3 
3.465 
V 
, 


DETECT Threshold 
190 
200 
210 
mV 


DETECT Bias Current 
-25 
-100 
nA 


Pin 7 VOH 
IOH = -1O!!A, 
2V < VOUT < 5V 
VouT-0.2 
V 


Pin 7 VOL 
IOL = 20!IA, 2V < VOUT < 5V 
0.2 
V 


V1N Reset Threshold 
0.65 
0.85 
1 
V 


VIN 
L 
EFFICIENCY 
lOUT 


(!IH) 
% (TYP) 
(mA) 


. 
VOUT= 5V 


1.0 
10 
75 
65 
1.0 
20 
85 
40 


1.5 
15 
77 
110 


1.5 
30 
88 
60 


3.0 
30 
81 
215 


3.0 
60 
90 
120 


4.5 
45 
81 
320 


4.5 
90 
91 
180 


V1N 
L 
EFFICIENCY 
lOUT 


(!IH) 
% (TYP) 
(mA) 


VOUT= 3.3V 


1.0 
10 
75 
120 


1.0 
20 
85 
68 


1.5 
15 
87 
175 


1.5 
30 
87 
100 


3.0 
30 
75 
355 


3.0 
60 
85 
200 
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The ML4861 combines Pulse Frequency Modulation 
(PFM) 


and synchronous rectification 
to create a boost converter 


that is both highly efficient and simple to use. The PFM 
approach allows a single inductor to be charged to a fixed 
peak current and then completely 
discharged before 
another cycle begins, simplifying the design by eliminating 
the need for the conventional 
current limiting circuitry. 


Synchronous rectification 
is accomplished 
by replacing the 


conventional 
external Schottky diode with an on chip 
PMOS device, reducing losses and eliminating the external 
component. 
' 


REGULATOR OPERATION 


A block diagram of the boost converter is shown in Figure 
1. When VOUT is at or above the desired output voltage, 
the circuit remains idle, drawing only SO~ 
from the input 


supply pin V1Nand only 51lA from the output VOUT through 
the feedback resistors, R1 and R2. When VOUT drops 
below the desired output level, the A 1 output goes high, 
signaling the circuit to deliver charge to the output. 
Since 


the A2 output is normally high, the flip-flop captures the A 1 
set signal and creates a pulse at the gate of the NMOS 
transistor Q1. 
The NMOS will charge the inductor for 


lOlls, resulting in a peak current given by: 


I 
_ 
TON X VlN 
10IlSx 
VlN 


L(MAX)- 
L1 
z 
L1 


For reliable operation, 
L1 should be chosen such that 
IL(MAX)does not exceed 1A. 


When the one shot times out the NMOS releases the VL 
pin allOWing the Inductor to fly-back and momentarily 
charge the output through the body diode of PMOS 


ML4861 


transistor Q2. 
But as the voltage across the PMOS changes 


polarity, its gate gets driven low by the current sensing 
amplifier A2, and the PMOS shorts out the diode. 
The 


inductor then discharges into the load with minimum 
voltage drop through the PMOS. The output of A2 also 
serves to reset the flip-flop and one shot in preparation 
for 


the next charging cycle. When current in the PMOS falls to 
zero, A2 releases the gate and, if VOUT is still low, allows 
the flip-flop to initiate another pulse. The inductor current 
and one shot waveforms are shown in Figure 2. 


Figure 2. 
PFM Inductor 
Current 
Wave 
Forms and Timing 


The maximum output current available from the regulator 
can be determined 
from the following 
equation: 


EFFICIENCY X VlN x 
0.45 
x 'L(MAX) 


lOUT(MAX)Z -------------="'-"--=-- 


VOUT 


A trade off exists between efficiency and maximum output 
current. 
Higher efficiency can be obtained by choosing a 


larger Inductor value. 
However, this will also reduce the 


maximum output current available. 
• 


lOllS 
ONE 
SHOT 


V OUT 
}-. 


* Jumpers not connected 
for ML4861-ADJ 


Figure 1. 
PFM Regulator 
Block Diagram 
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The value can be chosen based on the acceptable change 
in output voltage for a single inductor discharge cycle, 
which is given by: 


0.5 
X V1N x lOflS x 
IL(MAXj 
LWOUT = ---------~~ 


C1 X (VOUT 
- \JiN) 


For V1N = 1.5V, VOUT = 5V, IL(MAX) = 0.5A and C1 = 47flF, 
the output ripple will be 23mV. Capacitor equivalent series 
resistance (ESR)must also be considered when choosing a 
capacitor, both for ripple and efficiency. 


If the input voltage impedance is too high, an additional 
1flF capacitor (C2) 
may be required from input source to 
keep V1N from being pulled low during normal operation. 


The adjustable version of the ML4861 requires an external 
resistor feedback string to set VOUT' 
The output level can 


be determined from the following equation: 


V 
OUT = 0.2 x 
(R1+R2) 
R2 


around 40KU or less to Keep base curren! errors lOW. 


In the adjustable version, the feedback node on A 1 is 
brought out to pin 4 through R2 and the jumpers shown in 
Fig. 1 are not connected. 


An additional comparator is provided to detect low VOUT, 
low V1N, or some other error condition important to the 
user. The inverting input of the comparator is connected to 
200mV, while the non-inverting input is provided externally 
at the DETECTpin. The output of the comparator is the 
RESETpin, which swings from ground to VOUT' 
This output 
is OR-ed with the internal under-voltage detect circuit, and 
will go low when VIN is removed. 
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A\.l Micro Linear 
Ml4861 
EVAl 


low Voltage Boost Regulator Evaluation Kit 


The ML4861 EVALkit provides a convenient vehicle to 
evaluate the ML4861 low voltage boost regulator IC 
It 


contains all of the necessarydocumentation with the 
evaluation board, IC and key components to quickly 
evaluate the application circuit. This board can be used for 
either fixed or adjustable versions. 


The ML4861 is a complete solution for DC to DC conver- 
sion for 1 to 3 cell battery powered systems. The systems 
requires a minimum number of external components: 
one 


inductor and one capacitor. The boost circuit of the 
ML4861 is capable of running with input voltages as low as 
1V. Three different versions of the IC are available: a SV 
output, 3.3V output, or an adjustable version. The evalua- 
tion kit is shipped with the ML4861-S.0 


• 
Synchronous Rectification for high efficiency (90%) 


• 
Wide Input Range (lV to 4.SV) 


• 
Accomodates either fixed or adjustable versions 


• 
Regulation to better than ±S% over line and load 


• 
Low Output Ripple (SOmVpop) 


• 
Regulation down to no load 


• 
User's Guide 


• 
ML4861 Datasheet 


• 
ML4861 Sample 


• 
PC Board 
• 
Toroid for Inductor (Ll) 


po 
- 
- 
- 
- 
4 


DETECT 


, OPTIONAL 


C2 
2 
Vref 


:r 


BOOST 
CONTROL 
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ADVANCE 
INFORMATION 
ML4862 


Battery Power Control IC 


The ML4862 is a complete solution for DC to DC conver- 
sion and power management in multi-cell battery powered 
portable computers and instruments. 
Several advanced 
techniques are incorporated 
in the IC for the highest 
possible systems efficiency and lowest possible battery 
drain. 


The S.OVand 3.3V main regulators in the ML4862 each 
controls a Synchronous Rectified buck regulator and each 
drives two N-Channel MOSFETs. This allows high conver- 
sion efficiencies (90% or greater). 
Bias for all N-Channel 


MOSFETs in the system as well as the input for the 12V 
regulator for programming 
EEPROMs comes from an 


auxiliary winding on the buck regulator choke. 


The ML4862 also contains 3 outputs to drive external N- 
Channel MOSFETs to power down disk drives and memory 
under control of external logic. 
Automatic 
switch-over to 
battery operation 
is also provided when the charger is 
removed. 
A ~Power SV linear regulator and low battery 


indicator are provided for the power monitoring 
logic. 


• 
Two Synchronously 
Rectified, 100KHz Buck Regulators: 
for SV and 3.3V outputs 


• 
Low Cost All N-Channel MOSFET Switching 


• 
Three Logic to N-Channel Gate Drive translators for 
power management 


• 
IJ.Power SV standby linear regulator to run power 
management logic 


• 
Output 
and logic for N-Channel MOSFET to disconnect 
battery when charger is connected 


• 
12V Auxiliary output available with On/Off 
Control for 
E2memory programming 


• 
Low battery detect comparator 


• 
Wide Input Voltage Range (SV to 20V) 


• 
Customizable 
Tile Array Technology - Consult factory for 
additional options 
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PIN CONFIGURATION 
PIN 
NAME 


9 
OUT2B 
ML4862 


32-Pin SOIC (S32W) 
10 
OUT1B 


11 
5VOUT 


R(T) 
32 
12V OUT 


V(ADAPTER) 
2 
31 
Vref 
12 
I(SENSE)B 


VG5 
3 
30 
ON/OFF 


BATIERYLOW 
29 
FDBKA 
13-15 SWl-3 
4 


V(BAT) 
5 
28 
CaMPA 
16 
V(GT) 


FDBK B 
6 
27 
ENABLEA 


17-19 SOUT3-1 


CaMP B 
7 
26 
OUT2A 


ON/OFF 12 
8 
25 
GND 
20 
SOFT START 


OUT2B 
9 
24 
PWRGND 
21 
I(SENSE)A 


OUT1B 
23 
OUT1A 
22 
V(IN) 


5VOUT 
22 
V(IN) 
23 
OUT1A 


I(SENSE)B 
21 
I(SENSE)A 
24 
PWR GND 


SW1 
20 
SOFTSTART 
25 
GND 


26 
OUT2A 


SW2 
19 
SOUT1 


SW3 
18 
SOUT2 
27 
ENABLE A 


V(GT) 
17 
SOUT3 


COMPA 
28 


29 
FDBK A 
TOP VIEW 


30 
ON/OFF 


PIN DESCRIPTION 


PIN 
NAME 
FUNCTION 


1 
R(T) 
Timing Resistor which sets oscillator 
31 
Vref 
frequency 
32 
12VOUT 
2 
V(ADAPTER) 
Input to sense whether adapter is 
active. 
When this pin is above 
V(BAT), VG5 goes low. 


3 
VG5 
Output 
to drive N-Channel MOSFET 


gate to switch battery out when 
adapter is present 


4 
BATIERY LOW 
A logic low level indicates the voltage 
on V(BAT) is below 2.5V. This is an 
open-collector 
output. 


5 
V(BAT) 
Battery Comparator 
input 


6 
FDBK B 
Voltage Feedback for buck regulator B 


7 
COMP B 
Buck Regulator B frequency compen- 
sation terminal 


8 
ON/OFF 
12 
A logic high turns on the 12V linear 
regulator 


5V Buck Regulator Synchronous 
Rectifier Output 


5V Buck Regulator Switch Output 


Output of the IlPower 5V regulator. 
Normally used to power external 
management circuits and logic 


Current Sensing for buck regulator B 
current limit 


Inputs for pow~r management 
MOSFET gate drivers 


Boosted voltage to drive N-Channel 
gates and input to 12V linear regulator 


MOSFET gate drive outputs for power 
management 


Connected 
to a soft start capacitor 


Current Sensing for buck regulator A 
current limit 


Input from Battery or AC Adapter 


3.3V Buck Regulator Switch Output 


Power Ground 


Logic and signal Ground 


3:3V Buck Regulator Synchronous 
Rectifier Output 


A logic low disables Buck Regulator 
A's Synchronous Rectifier output 


Buck Regulator A frequency compen- 
sation terminal 


Voltage Feedback for buck regulator A 
• 


A low on this pin disables all IC 
functions except the low battery 
detection comparator, 
the linear 5V 


regulator and the 2.5V reference, and 
puts the IC into a low current con- 
sumption mode 


Buffered 2.5V reference output 


Output 
of the 12V linear regulator 
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Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 
are stress ratings 
only 
and 
functional 


device 
operation 
is not 
implied. 


Voltage 
on any pin 
. 
Output 
Current, 
Source or Sink (Pins 9,10, 23, 26) 
Pulsed 
. 
. 


VG5 Source Current 
.. 
. 


VG5 Sink Current 
12V Linear Regulator 
Output 
Current 
. 
5V Linear Regulator 
Output 
Current 


Logic Inputs (pins 8,13,14,15,27,30) 
... 


300mA 


.... -20mA 
200mA 
. 
200mA 
.......... SOmA 
.. 
-O.3V to 5.5V 


ISENSE Inputs (pins 12,21) 
. .. V(lN) 


Comparator 
Inputs (pins 2, 5) 
-0.3V to 5.5V 


Junction Temperature 
150°C 


Storage Temperature 
Range 
-65°C to + 150°C 


Lead Temperature 
(Soldering 
10 Sec.) 
..+260°C 


Thermal 
Resistance 
(ejA) 
Plastic SOIC 
60°C/W 


Ambient 
Temperature 
Range 
V(IN) Voltage 
Range ... 
V(GT) Voltage 
Range. 


.................. O°C to +70°C 
.. 
5.4V to 24V 
. 
V(IN)-0.5 
to 35V 


PARAMETER 


OSCILLATOR 


TYP 
I 
MAX 
I UNITS 


Initial accuracy 
98 
100 
102 
Khz. 


Dead Time 
50K < R(T) < 300K 
600 
800 
1000 
nS 


Maximum 
Duty Cycle 
, 
90 
94 
% 


Voltage 
Stability 
6V < V(IN) < 20V 
2 
% 


Input Offset Voltage 
2 
10 
mV 


Input Bias Current 
10 
100 
nA 


Output 
High Voltage 
IOUT= -2mA 
- 
2.8 
2.95 
V 


Output 
Low Voltage 
IOUT= 20f.!A 
0.2 
V 


Source Current 
VouT=2.5V 
-5 
-7 
mA 


Sink Current 
VouT=2.5V 
10 
50 
f.!A 


Gain-Bandwidth 
Product 
675 
KHz 


Output 
High Voltage 
IOUT= -400mA 
18.5 
19.5 
V 


IOUT= -20mA 
21 
21.3 
V 


Output 
Low Voltage 
IOUT= 200mA 
1.6 
2 
V 


IOUT= 20mA 
0.2 
0.5 
V 


Output 
High Voltage 
IOUT= -400mA 
13.5 
14.1 
V 


IOUT= -20mA 
14 
14.4 
V 


Output 
Low Voltage 
IOUT= 200mA 
1.6 
2 
V 


IOUT= 20mA 
0.2 
0.5 
V 


Voltage 
Threshold 
From V(IN) 
-250 
-200 
-150 
mV 


Bias Current 
VIISENSE)=V(IN)-200mV 
27 
50 
f.!A 


Soft Start ICHARGE 
-10 
-13 
-16 
llA 


Soft Start IDISCHARGE 
5 
6.2 
mA 


REFERENCE SECTION 


Output 
Voltage 


Line regulation 


TA=25°C, 
IpIN31=-lmA 


5.4V < V1N < 20V, IPIN31:::-lmA 


V 


mVfV 
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Unless otherwise 
specified, 
TA =Operating 
Temperature 
Range, 
V(IN)=12V, 
V(GT)=22V, 
R(T)=120KQ. 


PARAMETER 
I 
CONDITIONS 
I 
MIN 
I-TY-p-I 
MAX 
I UNITS 


12V LINEAR REGULATOR 


Output 
Voltage 
10=60mA 
11.25 
12 
12.75 
V 


Line regulation 
' - 
16V < V(GT) < 30V 
.01 
%/V 


Drop Out Voltage 
(VcrVouT) 
10=10mA 
2.3 
2.7 
V 


Load 
regulation 
lallA 
< 10 < 60mA 


-. 
200 
400 
mV 


Output 
Voltage 
10UT=lmA 
4.85 
5.0 
5.15 
V 


Input Voltage 
. 
VOUT::': 4.85V, 10=10mA 
6.2 
V 


Line Regulation 
504V < V1N< 20V, 10=1OmA 
.75 
1.5 
% 


Load Regulation 
10ilA 
< 10 < 25mA 
1.5 
2 
% 


Input Bias Current 
. 
V(IN)=20V 
100 
nA 


Input Offset Voltage 
±10 
mV 


Battery Low VOL 
IOL- 200llA 
A 
V 


Battery Low VOH 
30KQ pullup 
to 5V 
4.5 
5.0 
V 


VG5 Source Current 
VPINrV(GT)-3V 
-10 
-15 
mA 


VG5 Sink Current 
VPIN3=lV 
100 
mA 


Source Current 
Vsour1OV 
-20 
-40 
-60 
I-lA 


Sink Current 
f 
VSOUT=10V 
20 
42 
60 
I-lA 


Output 
High Voltage 
ISOUT= -2OIlA 
14.5 
15.6 
V 


Output 
Low Voltage 
ISOUT- 20I-lA 
.16 
A 
V 


LOGIC 
INPUTS (Pins 8,13-15,30,27) 


Logic Low (V1Ll 


Logic High (V1H) 


SUPPLY CURRENT 


IIN::-5I-lA 


IIN::': 51-lA 
• 


I(IN)+I(GT) 
Sleep Mode, TA=25°C 
115 
150 
I-lA 


I(IN) 
Run Mode, TA=25°C 
6 
10 
mA 


I(GT) 
. 
-. 
Run Mode, TA-25°C 
4 
6 
mA 


The ML4862 
operates 
in either 
a powered 
down 
mode 
or a 
run mode 
according 
to the state 
of the ON/OFF 
pin. 
When 


the ON/OFF 
pin is high, 
the 
IC is in the run mode 
and all IC 


sections 
are functioning. 
When 
the ON/OFF 
pin is low, 
the 
IC is in the standby 
mode 
and only 
the IlPower 
5V linear 


regulator, 
2.5V 
reference, 
and 
BATIERY 
LOW 
comparator 


are on. 
All gate 
drive 
outputs 
are low. 
The 5V linear 


regulator 
then 
provides 
the power 
to run the system's 


power 
management 
logic. 


5.5 


4.5 


2 
4 
I-:l 
3.5 
Q. 
I-:l0 


2.5 


1.5 


4 
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BUCK 
REGULATORS 


The two buck regulators (fig. 3) are synchronously 
rectifying 
voltage mode PWM regulators capable of being used over 
a wide variety of loads and input voltages. The use of 
synchronous rectification 
improves system efficiency by 
reducing the fixed drop associated with the "freewheeling" 
diode in conventional 
regulators. 
These regulators also 
drive all N-Channel power MOSFETs, significantly improving 
system efficiency at a low cost. 
In order to drive the 
MOSFET gates adequately, a V(GT) supply must be pro- 
vided which is higher than the battery voltage by an 
amount sufficient to provide full enhancement voltage to 
the MOSFETs. This can be generated by using a winding 
from the 5V buck regulator as shown below. 
V(GT) must 
not be lower than 0.5V below V(IN). 


H 


(GTl 


oun 
B2 


Figure 2. Generating 
V(GT) bias voltage 


Buck Regulator A includes a pin to disable the synchronous 
rectifier driver (OUT2A) to prevent pulling current out from 
the output, allowing the inductor current to become 
discontinuous 
at light loads. 


Selection of the external MOSFETs, output inductor and 
capacitor determine the output capabilities of the regulator. 
Output voltage is set by RFl and RF2 where. 


v 
_ 
2.5 x 
(RFl+ RF2) 


OUT 
- 
RF2 


The short circuit current limit is set by external resistor R(S). 


I 
0.2 
SHORT 
CKT 
~ 
R(S) 


C(SS) is discharged when the regulator is off or when the 
voltage across R(S)exceeds 200mV. 
F2 ensures that C(SS) 


is fully discharged. 
This circuit provides reliable output 


short circuit protection 
with very little power wasted in the 
sensing element. 
The error amplifier's output voltage is 


limited to the voltage on the SOFT START pin. When C(SS) 
is discharged, the regulator's duty cycle is O. 


250 
¥ 
200 
::.: 


;: 
150 


<Jc 
OJ 100 
:scr 
~ 
50 
u.. 


\. 
" 


•.••........-- 
- 
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150 


125 


<i> 
100 


-=- 


OJ 
75 


E 
i= 
50 


25 


0 


0 
500 
1000 
1500 


120 


100 


<i> 
80 


-=- 


OJ 
60 


E 
i= 
40 


20 


~ 
/ 


I rise 
-- 
/ 


",.--- 


1 fall 


500 
1000 


LOAD 
CAPACITANCE 
(pF) 


Thi5 section provides a convenient 
translation stage for 


turning on low cost external N-Channel power MOSFETs 
for power management. 
SOUT sources current when SW 


is high and sinks current when SW i5 low. These outputs 
are limited to small currents to switch these MOSFETs 
slowly, reducing the transients to the main regulator output 
from switching in discharged capacitances. 
Additional 
slow 
down of the switching may be achieved by adding capaci- 
tance from the SOUT pins to GND. 


These two functions are provided by comparators. 
The 
V(ADAPTER) comparator 
goes high when the V(BAT) pin is 
higher than V(ADAPTER), so that the system can run from 
the battery without 
the loss associated with a diode. 
When 


the AC adapter is plugged in, the voltage on pin 2 goes 
high, VG4 switches low, and the system runs from the AC 
adapter. 
A low battery comparator 
with an open collector 
output is also provided to monitor battery level. 


The 12V regulator includes a shut-off pin. Since this 
regulator takes its input from V(GT) care should be taken to 
ensure that the regulator does not cause excessive heat in 
the IC when used with high values of V(IN). 
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Figure 9. Supply 
Current 
(ICT) vs. VCT Voltage 
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Figure 10. SLEEPmode Current (IIN) vs. VIN Voltage 


The ML4862 can be quickly and easily modified to suit 
individual customer requirements. Examplesof some of the 
possible customizations might include: 


Reducing the number of pins, or IC cost by eliminating 
unwanted functions 


• 
Replacing unwanted functions with other functions 


• 
Putting certain external programming components on 
chip to save board space 


• 
Running the 12V regulator from V(IN) instead of V(GT) 
(when V(IN) > 14.5V). 


Adding "Burp Mode" to increase efficiency at light 
loads 


Pleasecontact Micro Linear for more information on Semi- 
Standard options for the ML4862. 


Inductors are specified with three main parameters; induc- 
tance (L), maximum current (IOUT(MAX) 
), and DC resistance. 


(RLl 


Inductance for a given set of requirements can be calcu- 
lated with the following: 


L '" 
(V, 
- V 
) 
VOUT 
IN 
OUT ~N X F X "...1 


Assuming that the desired ripple current: 


"...1 = 40%(IMAX) 


By choosing the ripple current to be 40% of maximum 
output current (IMAX), below 20% of IMAX,the inductor 
will actually pull current out of the output capacitor during 


part of the on time ot the low side MU~l"t 
I. 
1ne reSUIlor 
this current "shuttling" is a slight increase in losses. Buck 
regulator A includes the ability to disable the synchronous 
rectifier output to avoid current shuttling at light loads and 
thereby operate using conventional rectification. 


To avoid inductor saturation, the maximum output current 
of the regulator should not exceed 80% of the current 
rating of the inductor, especially when using ferrites, which 
have a "hard" saturation characteristic. Powdered iron 
cores saturate more softly and may therefore be pushed 
closer to their rated currents. 


DC resistance of the inductor sets up its conduction loss. 
For the same size package DC resistance decreases as 
inductance is decreased. It is a good rule of thumb to 
select the DC resistance of the inductor to be 1/4 of the 
sum of the on resistance of the two output MOSFETs. This 
sets up conduction lossesevenly among the power compo- 
nents. 


A two to one secondary winding from the SV main output 
inductor will provide the gate drive voltage needed for high 
side switching (fig. 2). Because one end of the winding is 
tied to the input, the secondary voltage will be 10V above 
the input. When specifying the inductor, the maximum 
current rating of the inductor is the sum of the peak main 
output current and turns ratio multiplication of the maxi- 
mum secondary current only if both outputs draw maxi- 
mum current at the same time. Depending on I(GT) load 
requirements, the inductor current rating may be specified 
for maximum main output current without including the 
secondary current requirement. 


FREQUENCY SELECTION 


Frequency is set by the resistor R(T),which establishes the 
charge current for the internal capacitor. 
Since the dis- 
charge current is a constant, the dead time of the oscillator 
is constant. Therefore the maximum duty cycle increases as 
the oscillator frequency decreases. For low input voltage 
applications, a lower switching frequency may be required 
to maintain regulation at minimum input voltage. 


A lower switching frequency may also improve efficiency. 
Lossesare comprised of: 


AC Losses: 


Inductor Core 
MOSFETSwitching 
MOSFETGate Drive Current 


DC Losses: 


Inductor 
12R 


MOSFET 12RDS(ON) 
Capacitor ESR 


At lower frequency, AC lossesare reduced proportionately. 
However the inductor's conduction losses increase for the 
same inductor size since inductance must increase propor- 
tionately to maintain the same amount of ripple current. 
Efficiency can be improved if inductor size is allowed to 
increase to allow more copper in the windings. 
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Proper compensation 
can be accomplished 
in many ways. 
The simplest compensation 
scheme (fig. 3, without 
C1) uses 
resistive feedback (R1) around the error amplifier. 
This 
reduces the gain of the op-amp which is in the overall 
loop's feedback path. This sets the overall loop gain to 
allow the loop's unity gain crossover to occur after the zero 
created by the ESRof the output capacitor has taken effect. 
This influences the two pole roll off created by the output 
inductor and the output capacitor providing the phase 
margin required to keep the loop stable under all condi- 
tions. 


R1/RF1 sets the gain (Av) of the loop. 
Based on the 
following 
assumptions a gain of 5 is sufficient for any range 
of input voltages: 


1. 
Co = lOOIlF per 500mA of maximum output current. 


2. 
Inductor ripple current is 40% of maximum output 
current. 


3. 
Load capacitance (CL) is not more than output capaci- 
tance (Co). 
Load capacitance is capacitance that gets 
switched in and out when loads are switched in and 
out and Co is the permanent output capacitance. 


4. 
ESRof the total output capacitance is within the limits 
indicated in table 1. Maximum 
ESRshown is for 


medium input voltage range (9V to 18V). Higher input 
voltage range (12V to 24V) requires lower limits (about 
30%) for the maximum ESRallowed. 
Lower input 
voltage range (6V to 12V) allows higher (40%) maxi- 
mum ESRlimits. 


5. 
Table 1 is for 100KHz operation. 
At lower switching 
frequency maximum ESRmust be lower by a linear 
ratio. (i.e. at half the frequency maximum ESRmust 
also be half). 


ESR(mQ) 
OUTPUT 


MIN 
MAX 
CURRENT (MAX) 


30 
175 
1 


15 
75 
2.5 


8 
40 
5 


Table 1. Recommended ESRValues for 100Khz operation 


Regulation can be greatly improved with a capacitor (C1) 
placed in series with the feedback resistor. 
Its value should 


be high enough to be no longer a factor at high frequency. 
C1 can be calculated as: 


~LOCO(MAX) 
C, ~ 
~---- 


RFl 


ML4862 


Several of the components 
in Figure 11 may not be re- 


quired depending on board layout and desired efficiency. 
V(GT) should not be allowed to go below V(IN) by more 
than 0.5V. 
05 can be eliminated if 02 is replaced by a 
Schottky. 
04 and 03 are required to avoid negative 
currents from being pulled from the substrate of the IC 
These diodes can be replaced with 1N4148's on the gates 
of Q2 and Q4 if a damping resistor is used from the gate to 
the IC 
06 and 07 enhance the efficiency of the regulator 


by a small amount (about 1%) by preventing the MOSFET 
body diodes from turning on during the time when both 
halves of the MOSFET bridge are off. The energy which 
would be used for the reverse recovery of these body 
diodes is greatly reduced by using Schottkys. 
01 can be 
either a conventional 
silicon rectifier or Schottky diode 


depending on efficiency vs. cost considerations. 


Resistors RlO and R11 are 20mQ resistors which can be 
made with a small length of wire or a PC board trace. 


C15 and C14 may be necessary to overcome the induc- 
tance in the sense resistor and are typically O.lIlF. 


C12 can be implemented 
using two 1OOIlFtantalum 
capacitors in parallel or a 200llF electrolytic 
capacitor with 
a O.lIlF ceramic in parallel. 
C13 can be implemented 
in a 
similar fashion. 


MOSFETs Q1-Q4 should be rated to withstand the maxi- 
mum input voltage. 
Their on resistance will directly impact 
conduction 
losses and therefore efficiency. 
For board 
space considerations, 
the LittleFoot® series of MOSFETs 
provide a good trade-off between density and RDsON. 


The inductor manufacturers listed above can be reached at: 


Coiltronics 
(305) 781-8900 


Sumida Electric 
(708) 956-0666 


Careful design of the inductor can improve efficiency by 
trading off cost and size. 


DESIGNATOR DESCRIPTION 
PARTNUMBER 


C14,Cls 
0.1uF,SOY(oplional) 
see text 


Dl 
3A,30VRECTIFIER 
see text 


D2 
• 
100mA,SOYImin)RECTIFIER 1N4148 


D3-D7 
sCHOTIKYDIODE 
1Ns817or 
MBRs130n 


L1 
47uH,lA 
SUMIDACRD12s 


L2 
sOuH,l.sA 
COILTRONICs 
CTXOs-11209-1 


Ql-Q4 
N-CHANNELPOWERMOsFET MTDlONOsE 


Qs-Q7 
N-CHANNELPOWERMOsFET MMDF4N02 


QB 
N-CHANNELPOWERMOsFET si9410 


RlO,Rl1 
0.02OHM 
see text 
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PWRGND 


COMPB 


R(T) 
1 
soun 


V(GT) 


SWl 


SW2 
I(SENSE)A 


SW3 


POWER 
4 
BATIERY 
LOW 


MGT 
ON/OFF 


LOGIC 


8 
ON/OFF 
12 


ENABLE 
A 


5V OUT 


12V OUT 


FDBK A 


CaMPA 


~10 


1~ 
V(IN) 


~ 
90 
~ 
G 85 
c 
.~ 
80 
E 
•••• 75 


4 
6 
8 
10 


OUTPUT 
POWER 
(W) 


The efficiency measurements taken for figure 12 were 
measured with 1/3 of the output power delivered by the 
3.3V regulator and 2/3 of the output power delivered the 
SVoutput. 


This circuit is available as a demonstration kit. Please 
contact your Micro Linear Distributor or Representative for 
availability and price. 
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PART NUMBER 


ML4862CS 


TEMPERATURE 


RANGE 
PACKAGE 


32-PIN SOIC (S32N) 


Other packages and temperature 
ranges can be made available on request. 
Contact your local Micro Linear Representative 


for more information. 
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Battery Power Controller 
Evaluation Kit 


The ML4862EVAL 
kit provides a convenient 
vehicle to 


evaluate the ML4862 
battery power control Ie. It contains 


all of the necessary documentation 
with the evaluation 


board and key components 
to quickly 
evaluate the 
application 
circuit. The board is designed for a 11W dual 


output power supply. However power components 
can be 
selected for higher or lower power applications. 


• 
User's Guide 


• 
ML4862 
Datasheet 


• 
Application 
Note 


• 
ML4862 
Sample 


• 
Evaluation Board 


• 
Key power semiconductor 
components 


• 
SMD power inductors for both 5V and 3.3V outputs 


• 
"Kool Mu®" toroid for inductor 
prototyping 


• 
Wide Input Range (5.5V to 25V) 


• 
Dual Outputs (5V at 1.5A and 3.3V at 1A) 


• 
Efficiency as high as 95%. 


• 
Line and Load Reg better than 5% at all conditions. 


• 
Output 
Ripple to under 50mV pk-pk. 


• 
Complete Short Circuit Protection 


• 
Flash Memory 
Program Voltage (12V at 100mA) 


• 
Load switching 
outputs. 


• 
Battery connect terminals. 


MAIN ON/OFF 


12V ON/OFF 


LOAD 1 


LOAD 2 


LOAD 3 


SV BUCK 


REGULATOR 
COMPONENTS 


3.3V BUCK 
REGULATOR 
COMPONENTS 


SV LOAD 1 


SV LOAD 2 


SV LOAD 3 
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USICs and Semi-Standard 


Analog and Mixed Analog/Digital 
Tile Arrays 
7-1 


Semi-Standard Products............................................. 
7-3 


Tile Array Process Technology 
& Component 
Performance 
7-5 


FC3510 
General Purpose BiCMOS Tile Array.................................................. 
7-6 


GENERAL 
PURPOSE TILE ARRAYS 


FB3600 
Tile Array Selection Guide 
. 


FB3600 
Mini Tile Description 
. 


FB3605 
Small High Frequency Tile Array 
. 


FB3610 
General Purpose Tile Array 
. 


FB3620 
General Purpose Tile Array 
. 


FB3630 
General Purpose Tile Array 
. 


FB3621 
Medium 
High Frequency Tile Array 
. 


FB3622 
Medium 
Power Schottky Tile Array 
. 


FB3623 
Medium 
High Power Tile Array 
. 


FB3631 
Large Mixed Analog/Digital 
Tile Array 
. 


FB3635 
Large Mixed Analog/Digital 
Tile Array 
. 


FB3400 
Tile Array Selection Guide 
. 


FB3400 
Mini Tile Array Description 
. 


FB3410 
Small General Purpose Tile Array 
. 


FB3420 
Medium 
General Purpose Tile Array 
. 


FB3430 
Large General Purpose Tile Array 
. 


APPLICATION 
FOCUSED 
TILE ARRAYS 


FC3560 
Read Channel Tile Array 
. 


FB3651 
LAN Transceiver Tile Array 
. 


FC3580 
Micro 
Power Controller 
Tile Array 
. 


FB3680 
Electronic Ballast & Power Factor Tile Array 
. 


FB3480 
Power Supply Controller 
Array 
. 


FB3490 
General Purpose PWM Controller 
Array 
. 


FB3491 
Resonant Mode Controller 
Array 
. 


FB3492 
Phase Modulation 
Controller 
Array 
. 


USIC Package Selection Guide 
. 


7-7 


7-9 


7-12 


7-13 


7-13 


7-13 


7-14 


7-15 


7-16 


7-17 


7-18 


7-19 


7-20 


7-21 


7-21 


7-21 


7-22 


7-23 


7-24 


7-25 


7-26 


7-37 


7-38 


7-39 


7-40 
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Analog and Mixed Analog/Digital 
Tile Arrays 


Micro 
Linear's Tile Arrays can implement 
a wide range of 


complex 
circuit and performance 
applications. 
They are 
comprised 
of active and passive components 
arranged in 


organized tile patterns on an integrated circuit chip to 
provide maximum 
flexibility 
and ease of interconnection. 


After a circuit 
is designed and simulated, several metal 


patterns are created to connect the components 
and 


produce a customized 
analog USIC. USIC is an acronym 


for User Specific Integrated Circuit. 
USICs are integrated 


circuits that are specific to a customer or user and are 
commonly 
referred to as ASICs. 


STANDARD AND SEMI-STANDARD 
PRODUCTS 


The Tile Array methodology 
forms the foundation 
of many 
of Micro 
Linear's state-of-the-art 
product offerings. A large 
majority of our high volume standard products were 
developed 
using the same Tile Arrays that are used to 
develop high performance 
semi-custom 
solutions for 


customers. Standard products developed 
Qn Tile Arrays 
can be easily modified 
to meet a special need, or to gain a 
functional 
or performance 
advantage over a system using 
just standard products. This ability to change a standard 
product to meet a specific customer need is referred to as 
semi-standard products. 


Micro 
Linear utilizes many of the latest high performance 
process technologies 
to build Tile Arrays. The highest 
performance 
and complexity 
is obtained with our 


BiCMOS process. This technology 
combines fast bipolar 


transistors with dense CMOS devices. With NPN cutoff 
frequencies of 4 GHz and channel lengths of 1.SfJ, this 
process allows the implementation 
of high complexity 
and 


high performance 
semi-custom 
devices. Poly resistors 
offer stable resistive elements with virtually 
no parasitics 
as compared to diffused resistors. The poly-metal 
capacitors are also very stable and offer a superior 
alternative 
over conventional 
metal-silicon 
types. The 
FC3500 family of general purpose tile arrays are built with 
the BiCMOS process. 


Two different bipolar technologies 
are used with distinct 


voltage and speed characteristics. 
A 12 volt, 1 GHz 
technology 
and a 36 volt, 300 MHz technology. 
The 12 
volt process is the higher speed process of the two, 
capable of implementing 
circuit band-widths 
up to 100 
MHz. The 36 volt process is useful where higher power 
supply voltage operation 
is needed. The FB3600 family 
is 
built with the 12 volt bipolar process and the FB3400 is 
built with the 36 volt process. 


Please refer to the Tile Array Process Technologies and 
Component 
Performance heading for more information. 


Micro 
Linear has three families of general purpose Tile 
Arrays. The arrays are configured 
with groupings of mini- 
tiles. Each mini-tile 
consists of selections of various types 
of active and passive components. 
Each of the Tile Arrays 


has a different mix and amount of mini-tiles. 


The three families are: 


FC3500 - 5 Volt BiCMOS 
FB3600 - 12 Volt Bipolar 
FB3400 - 36 Volt Bipolar 


The FC3500 family of Tile Arrays, built with 5 volt, 4 
GHz, 1.5fJ process, is capable of the highest performance 
and level of complexity. 
This is primarily 
due to the small 


size and high cutoff frequency 
(Ft) of the transistors in this 
technology. 
The FC3500 general purpose family of Tile 


Arrays is ideal where the circuit 
needs the high speed and 
accuracy of the bipolar transistors along with the dense 
logic, analog switch or FET input capability 
of the CMOS 


devices and operates from a single 5 volt power supply. 


The FB3600 family offers a wide range of general purpose 
Tile Arrays. Ranging from the smallest, the FB3605, which 
can accommodate 
4 analog circuit 
blocks and 28 digital 


gates to the largest pure analog, the FB3630, which 
can 
accommodate 
over 20 analog functional 
circuit 
blocks. 
The FB3635 can accommodate 
9 analog circuit 
blocks in 
addition 
to 130 digital gates. For high current output 
applications 
the FB3623 has four 0.5A output transistors. 


The FB3400 family is used when the power supply voltage 
in the system is greater than 12 volts. For example, 
common 
supply voltages of +/- 15 volts would 
require 


use of the FB3400 family. 


Application 
focused tile arrays are optimized 
for a given 
application. 
Areas on the tile arrays are customized 
to 


implement 
the common 
functions 
required for a given 
application. 
In this way, higher performance 
can be 
achieved for these critical 
circuit blocks. These 
application 
focused tile arrays still maintain all the 
advantages of the general purpose tile arrays. All the 
individual 
components 
are uncommitted 
until connected 
with the two metal layers used in the final step of the 
wafer manufacturing 
process. A summary of the currently 
available application 
focused tile arrays is as follows: 
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Electronic Ballastwith Power Factor 
Correction 


ResonantMode Controller 


PhaseModulation Controller 


Many types of packaging are available for the Tile Arrays. 
Devices can be assembled, tested and produced 
in high 


volume in dual-in-line 
(DIP), chip carriers (PLCC, LCC), 


small outline, 
or gull wing (SOlC), as well as the latest fine 
pitch, very low profile quad flat packs (QFP, TQFP) and 
very small outline 
packages (SSOP). Tape and reel format 


shipments are available for automated assembly 
requirements. 
Please refer to the package selection guide 
in this section. 


Micro 
Linear has extensive experience 
designing and 


producing 
state-of-the-art 
analog and mixed analog digital 


USICs. The key aspects of our successful methodology 
include: computer 
simulations 
with extremely accurate 
component 
models; in depth design reviews with the 
customer; expert mask layout with computer 
checking for 


accuracy; and complete 
packaging and testing capability. 


The expected performance 
of the finished IC is verified 


with computer 
simulations. 
Extensive simulations 
are 
performed with the latest workstation 
hardware running 
Micro 
Linear's proprietary 
SPICEsimulator. The 
simulations 
are performed over the worst case conditions 
of temperature 
and power supply voltages as well as the 
expected process variations, to ensure a rei iable and 
manufacturable 
device. 


The accuracy of the simulations 
are strongly dependent on 


the accuracy of the component 
simulations 
models. Micro 
Linear device simulation 
models are derived from 


extensive characterization 
measurements on finished 


devices. They are verified by matching the characteristics 
the simulation 
program predicts versus regularly updated 
measurements from production 
devices. 
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on the success of a USIC development. 
At Micro 
Linear 


detailed design reviews are conducted 
with the customer 
engineer and several Micro 
Linear engineers in 
attendance. All aspects of the design are reviewed 
including 
system performance, 
circuit schematics, 
simulation 
results, layout plan, test strategies, and package 
options. Upon completion 
of the review both the 
customer and Micro 
Linear have a high confidence 
for 
completely 
functional 
prototypes. 


A brief summary of the steps involved 
in developing 
a 
USIC with Micro 
Linear are: 


1. FORWARD INFORMATION 
TO MICRO LINEAR 


Customer provides block diagrams, discrete component 
schematics, and specification 
requirements 
on 
prospective 
USIC to Micro 
Linear for review. 


2. TECHNICAL 
REVIEW AND QUOTE 


Micro 
Linear reviews the customers block diagram, 
schematics, and specifications 
and responds with 


technical 
assessment, costs and development 
times. 


3. FINALIZE DEVELOPMENT PLAN 


Micro 
Linear and the customer agree on the 


development 
plan. 


4. FINALIZE CIRCUIT REQUIREMENTS 


Micro 
Linear consults closely with the customer to 
completely 
understand the functional 
and performance 
requirements. 


5. CIRCUIT DESIGN AND SIMULATION 


Micro 
Linear performs the circuit and the verification 
simulations. 


Customer participates 
in a detailed design review with 
Micro 
Linear engineers. 


7. MASK LAYOUT 


Micro 
Linear performs the mask layout for the circuit 
on the chosen array. 


8. INTEGRATION 


Micro 
Linear performs the integration 
steps including; 
Mask fabrication, 
wafer processing, wafer test, 


packaging, and prototype testing. 


9. DELIVER PROTOTYPES 


Micro 
Linear delivers prototypes to the customer. 


10. CUSTOMER EVALUATES PROTOTYPES 
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Linear 


·~MicroLinear 


Semi-Standard Products 


Semi-standard analog ICs are created by modifying 
existing standard products. Modifications 
can span all the 


way from a functional 
circuit change to simple variation 
in 


the part marking. Examples of the range of possible semi- 
standard modifications 
are as follows: 


CIRCUIT MODIFICATIONS 


Modify 
Functional 
Blocks 


Change Input/Output 
levels 


Adjust GainIThresholds 


Shih logic 
levels (ECl, TTl, CMOS) 


Move Current limit 
Point 


Increase/Reduce Bandwidth 


Improve Power Consumption 


Tweak Charge/Discharge 
Currents 


OTHER SEMI-STANDARD 
MODIFICATIONS 


Change Part Marking 


Extend the Temperature Range 


Add Electrical Tests 


Modify 
the Pinout 


Change the Package 


Circuit modifications 
are easily made to Micro 
Linear's 
standard products because they are built using our 
proprietary 
Tile Array technology. 
Tile Arrays are 
collections 
of active and passive components 
arranged in 


a pattern on an integrated circuit chip. Each standard 
product is developed 
by designing two layers of metal 
interconnect 
to implement 
the specific circuit functions 


required for the product. 


A semi-standard circuit can be easily and quickly 
developed 
from a standard product. The customer need 


only define the functional, 
performance 
or physical nature 
of the modifications 
necessary to the Micro 
linear 


standard product to meet his/her system requirements. 
Micro 
linear 
will then accomplish 
the circuit design and 


complete 
the performance 
verification 
simulations. 
At this 
point a design review is held with the customer to make 
sure all aspects of the development 
are in accordance 
with the customer requirements. 
Micro 
linear 
then 


proceeds with making the necessary layout changes, 
manufacturing, 
testing, and delivering 
the prototypes. This 
complete development 
flow is illustrated 
in Figure A. 


DELIVER 
PROTOTYPES 
TO 
CUSTOMER 
• 
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Micro 
Linear 
produces 
standard 
products 
using 
BiCMOS 


and 
bipolar 
Tile Arrays 
and 
CMOS 
standard 
cell 
technologies. 
The Tile 
Array 
technology 
allows 
the widest 
range 
functional 
and 
performance 
modification 


possibilities. 
The CMOS 
standard 
cell 
technology, 
while 


not flexible 
for functional 
modifications, 
can 
still 
accommodate 
performance, 
specification, 
or physical 
changes. 
A summary 
of the types 
of modifications 
possible 


for each 
group 
of standard 
products 
is shown 
in Table 
B. 


TABLE B 


FUNCTIONAL 
PERFORMANCE 
SPECIFICATION 
OR 


TECHNOLOGY 
MODIFICATIONS 
MODIFICATIONS 
PACKAGING 
CHANGES 


POWER AND 
MOTION 
CONTROL 


High Frequency 
PWM Control 
BT 
Yes 
Yes 
Yes 


Resonant and Phase Modulation 
BT 
Yes 
Yes 
Yes 


Power Factor Control 
BT 
Yes 
Yes 
Yes 


Notebook/Laptop 
Power 
BT 
Yes 
Yes 
Yes 


Low Voltage 
Regulators 
BC 
Yes 
Yes 
Yes 
Sensorless Motor 
Control 
BT 
Yes 
Yes 
Yes 


DATA COMMUNICATIONS 
Fiber Optic 
LED Drivers 
BT 
Yes 
Yes 
Yes 
Fiber Optic 
Quantizer 
BT 
Yes 
Yes 
Yes 


10Base-T Trans: AUI/MPR 
BT 
Yes 
Yes 
Yes 


1OBase-FL Transceivers 
BT 
Yes 
Yes 
Yes 


lOBase-T 
Physical 
Interface 
CS 
Limited 
Limited 
Yes 


High Speed LED Drivers 
BC 
Yes 
Yes 
Yes 


High Speed Quantizer 
BC 
Yes 
Yes 
Yes 
AUI-MUX 
BT 
Yes 
Yes 
Yes 
ML T-3 Transceiver 
BC 
Yes 
Yes 
Yes 


Token 
Ring Physical 
Interface 
BC 
Yes 
Yes 
Yes 


ANALOG 
TELECOM/NCTE 


Signal Equalizers 
CS 
No 
Yes 
Yes 
Gain/Attenuators 
CS 
No 
Yes 
Yes 
Sine Wave Generators 
CS 
No 
Yes 
Yes 


Tone Detectors 
CS 
No 
Yes 
Yes 


HARD 
DISK DRIVES 


PuIse Detectors 
BT 
Yes 
Yes 
Yes 
Data Separators 
BT 
Yes 
Yes 
Yes 


Dedicated 
Servo Control 
BT 
Yes 
Yes 
Yes 
Voice Coil Driver 
BT 
Yes 
Yes 
Yes 


Read Channel 
Combo 
BC 
Yes 
Yes 
Yes 
Area Detection 
Servo 
BT 
Yes 
Yes 
Yes 


Filter/Equalizer 
CS 
Limited 
Limited 
Yes 


DATA CONVERSION 
& FILTERING 


8, 10 & 12 NO Converters 
CS 
No 
Limited 
Yes 
8-Bit D/A Converters 
CS 
No 
Limited 
Yes 
Switched 
Cap Filter 
CS 
No 
Limited 
Yes 


(Technology 
Code: 
8T = Bipolar 
Tile 
Arrays; Be = BiCMOS 
Tile 
Arrays; 
CS = CMOS 
Standard 
Cells) 
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Tile Array Process Technology 
and Component Performance 


Micro 
Linear currently 
utilizes 
three advanced 
process technologies 
to manufacture 
Tile Array 


products. 
They are: 


FC3500 - 
5 volt BiCMOS 
FB3600 - 
12 volt Bipolar 
FB3400 - 
36 volt Bipolar 


A comparison 
of some of the key parameters 
of the process and the components 
is shown 
in the 
tables below. 
NOTE: All numbers are typical. 


PARAMETER 
FC3500 
FB3600 
FB3400 


r 


Nominal 
Operating 
Voltage 
5 volts 
12 volts 
36 volts 


NPN Cutoff Frequency (fT) 
4GHz 
lGHz 
300MHz 


PNP Cutoff Frequency 
(fT) 
50MHz 
12MHz 
5MHz 


NPN Beta - 
Typical 
100 
120 
140 
~ 


PNP Beta - 
Typical 
30 
40 
40 


Resistor Matching 
- 
Best 
. 
0.5% 
0.5% 
2% 


Resistor Matching 
- 
Typical 
1-3% 
2-4% 
2-4% 


Primary Resistor Type 
Poly 
Diffused 
Diffused • 


CIRCUIT PARAMETER 
~_. 
FC3500 
FB3600 
FB3400 


Amplifier 
Bandwidth 
350MHz 
100MHz 
30MHz 


Op-Amp 
Bandwidth 
60MHz 
20MHz 
8MHz 


Offset Voltages - 
Untrimmed 
±0.5mV 
±lmV 
±3mV 


Offset Voltages - 
Trimmed 
±O.lmV 
±O.lmV 
±O.lmV 


Bipolar ECl Gate Delays 
0.6ns 
3ns 
10ns 


MOS Gate Delays 
1ns 
N/A 
N/A 


Voltage Reference Accuracy - 
Trimmed 
±0.05% 
±0.05% 
±0.05% 


~~Micro 
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FC3510 General Purpose BiCMOS Tile Array 


The FC351 0 is one member of a high speed, high 
complexity 
family of General Purpose Tile Arrays using 
our new 5 volt, 4 GHz BiCMOS technology. 
These 
BiCMOS Tile Arrays allow 
high speed, high complexity, 


cost effective circuits to be easily integrated. 
The Tile 
Array methodology 
consists of simply designing and 
manufacturing 
two metal mask layers to implement 
the 


required circuitry 
on pre-manufactured 
base arrays. The 
base arrays contain all of the pre-defined 
and 


characterized 
components. 


The BiCMOS process combines a fast 4 GHz analog 
bipolar technology 
with a dense 1.5fJ CMOS digital 


capability. 
This powerful 
combination 
enables a high 
level of integration 
of mixed analog and digital circuits to 
be achieved on a single silicon device. 


The array consists of different types of mini tiles. 
Each 


mini tile is a collection 
of a specific type of component 


such as NPNs, PNPs, NMOS or PMOS transistors, poly 
resistors, MOS capacitors, gates, etc. The FC3510 
contains approximately 
600 active devices and over 


2.5MQ of poly resistance. 
This array can realize up to 12 
analog functional 
blocks combined 
with 22 digital gates. 


• 
5 volt, 4 GHz/l 
.5fJ BiCMOS Technology 


• 
Ideal for Very High Speed, High Complexity 
Circuits 


• 
Can Integrate 12 Analog Circuit 
Blocks 
with 22 CMOS Gates 


• 
Fast, Low Risk Circuit 
Development 
and Production 


using the Tile Array Technology 


ARRAY 
SUMMARY 


NPN Transistors 
364 


PNPTransistors 
96 


NMOS Transistors 
68 


PMOSTransistors 
68 


Total Poly Resistance 
2620K 


Total MOS Capacitance 30pF 


Total Components 
1460 


Bond Pads 
28 


Die Size(mils) 
70 x 88.5 


r~Micro Linear 


'Micro 
Linear 
USICs 


FB3600 TIle Array Selection Guide 


Array 
FB3605 
FB3610 
FB3620 
FB3621 
FB3622 
FB3623 
FB3630 
FB3631 
FB3635 


large 
large 


Small 
Small 
Medium 
Medium 
Medium 
Medium 
large 
Mixed 
Mixed 


High 
General 
General 
High 
Power 
High 
General 
Analogi 
Analogi 
Description 
Frequency 
Purpose 
Purpose 
Frequency 
Schottky 
Power 
Purpose 
Digital 
Digital 


Mini 
Tile Summary 


T1 
General 
10 
48 
64 
48 
48 
64 
112 
92 
36 


T1A 
General 
. 
10 


T2 
Specialized 
2 
6 
12 
8 
12 
12 
24 
12 
4 


T2A 
Specialized 
- 
2 


T3 
Power 
2 
4 
4 
2 
4 
4 
4 
2 


14 
low 
Noise 
4 
4 
4 
2 
4 


TS 
Precision 
4 
4 
8 
2 


T6 
NPN 
Intensive 
8 
8 


T7 
High 
Frequency 
12 
12 
4 
12 


T8 
Schottky 
Core 
4 


T9 
ECl logic 
10 
22 
42 


T10 
ECl Logic 
Bias 
1 
1 


T11 
ITL 
Output 
8 
4 
8 
8 


T12 
Schottky 
Peripheral 
2 


T13 
High 
Frequency 
4 


T14 
High 
Power 
NPN 
4 


T1S 
Medium 
Current 
PNP 
4 


T16 
Power 
Schottky 
14 


T17 
General 
1 


Array 
Summary 


Complexity' 
Analog 
4 
6 
12 
8 
12 
12 
24 
12 
9 
Digital 
28 
62 
130 


NPN Transistors 
260 
178 
268 
329 
276 
272 
472 
690 
901 


PNP Transistors 
32 
78 
124 
88 
108 
132 
232 
154 
63 


Schottky 
Transistors 
16 
8 
14 
16 
48 


Total Diffused 
Resistance 
240K 
288K 
425K 
49SK 
432K 
425K 
768K 
850K 
818K 


Total Implant 
Resistance 
816K 
1563K 
2048K 
2064K 
1920K 
2048K 
3584K 
3928K 
3064K 


Total MaS 
Capacitance 
20pF 
30pF 
60pF 
40pF 
60pF 
60pF 
120pF 
60pF 
40pF 


Total Components 
840 
742 
1092 
1508 
1370 
1360 
1944 
2806 
280S 


Bond 
Pads 
24 
24 
32 
32 
28 
27 
46 
44 
44 


Die Size (mils) 
70 x 110 
82 x 102 
102 x 115 
102 x 11S 
112 x 12S 
115 x 122 
131 x 150 
142 x 156 
131 x 150 


* Analog 
complexity 
is in one 
741 op-amp 
or two 
339 comparator 
equivalents. 


Digital 
complexity 
is in two 
input 
NAND 
gate equivalents. 
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COMPONENT 
FB3600 
FAMILY 


NPN Transistor 
hFE = 120 


, 
IT = 750MHz 
BVceo 
~ 14V 


NPN 
Large Transistor 
(FB3623 Only) 
hFE = 100 
IT ~ 750MHz 
BVceo 
= 14V 


Ie = O.5A 


PNP Substrate 
Transistor 
hFE 
~ 60 


IT ~ 24MHz 
BVceo 
= 25V 
.. 


PN P Lateral Transistor 
hFE = 30 
IT ~ 12MHz 
BVceo 
~ 25V 


Diffused 
Resistor 
2% matching 
with 
±20% 
absolute 
value 


Precision 
Resistors 
0.5% matching 
with 
±20% 
absolute 
value 


Implant 
Resistors 
4% matching 
with 
±25% 
absolute 
value 


MOS 
Capacitor 
±20% 
absolute 
value 


'Micro 
Linear 
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FB3600 Mini Tile Description 


T1 Mini Tile 


The T1 mini tile contains the components that 
constitute the major portion of most analog 
designs. It can implement many common 
building 
block functions such as current mirrors, 
differential gain stages and level shifters. It is the 
most general-purpose analog building block and 
has the greatest frequency of placement within 
the arrays. 


T1A Small Tl Mini Tile 


The T1A mini tile is a slightly modified T1 general 
purpose mini tile. It has the same active device 
count but has about half the resistor segments. 
Just like the T1 mini tile this tile is configured to 
implement 
many of the fundamental circuit 


blocks in integrated circuit design such as current 
mirrors, differential amplifiers and level shifters. 


T2 Mini Tile 


Many analog building blocks, such as op-amps, 
use a T2 mini tile along with multiple T1 mini 
tiles. This mini tile has the second greatest 
frequency of placement within the arrays. The 
MLC3630 is a silicon dioxide capacitor whose 
value can be programmed up to SpF.This 
capacitor is often used to provide on-chip 
compensation for operational amplifiers. 


T2A Small T2 Mini Tile 


This mini tile is very similar to but smaller than 
the T2 mini tile. This mini tile is typically used in 
conjunction 
with several T1 mini tiles. 
Operational amplifiers that use an on-chip 
compensation capacitor are built with a T2 or 
T2A and T1 mini tiles. 


T3 Mini Tile 


This mini tile contains two NPN power transistors 
for output stages driving up to 100mA each. 
These mini tiles are located in peripheral 
positions around the chips, in close proximity to 
the bonding pads. 


T4 Mini Tile 


This mini tile contains two large six emitter low 
noise NPN transistors. These transistors are used 
in circuits which require noise performance of 
less than SnVVHZ. These transistors can also be 
medium capacity power transistors. 


Components 


MLC3600 
minimum 
NPN 


MLC3611 
lateral 
PNP 


MLC3620 
7500 
base 
resistor 


MLC3621 
4KO 
implant 
resistor 


MLC3622 
8KO 
implant 
resistor 


MLC3600 
minimum 
NPN 


MLC3611 
lateral 
PNP 


MLC3620 
7500 
base 
resistor 


MLC3621 
4KO 
implant 
resistor 


re!! 


MLC3601 
circular 
emtter 
NPN 
2 


MLC3602 
three 
emitter 
NPN 
1 


MLC3610 
minimum 
vertical 
PNP 
4 


~[I][I][!!] 
MLC3612 
2X vertical 
PNP 
1 


~ 
[!!] 
MLC3630 
5pF M05 
capacitor 
1 • 


MLC3602 
three 
emitter 
NPN 


MLC3612 
2X vertical 
PNP 


MLC3630 
5pF MOS 
capacitor 


~ 
== 


MLC3605 
power 
NPN 
2 


_~ Micro Linear 


This mini tile contains six minimum geometry 
NPN transistors and twelve precision resistor Iinks. 
These special resistors have a nominal ohmic 
value of 850n and are matched to within an 
accuracy of 0.5%. It is possible to construct R-2R 
ladders to be used in the core of an 8-bit DAC by 
using two T5 mini tiles. 


T6 Mini Tile 


The T6 mini tile is designed for NPN intensive 
transistor circuit design. ECl logic can be 
implemented 
with this tile. 


T7 Mini Tile 


This mini tile contains six dual base contact 10mA 
high speed, low noise NPN transistors. Each of 
these small transistors has a son base resistance. 
Two T7 tiles can implement 100MHz cascode 
amplifier or a 60MHz video amplifier. 


T8 Mini Tile 


The T8 mini tile contains a mixture of schottky 
and other components for analog design. The 
schottky devices are useful for clamping signal 
levels and in certain high speed comparator 
designs. 


T9 Mini Tile 


This mini tile contains one basic ECl logic cell 
which can implement one data latch (with set & 
reset). Two basic ECl logic cells can implement 
one edge triggered D-type flip-flop (with set and 
reset). An alternative usage for one basic ECl logic 
cell would be to implement three 2-input ECl 
gates, two 4-input ECl gates or one 8-input ECl 
gate. The actual gate can be a NAND, AND, OR or 
NOR gate. Two of the minimum 
NPNs have their 
collectors tied to Vcc. 


no Mini Tile 


The T10 mini-tile provides the necessary 
temperature adjusted reference voltages for 
biasing the ECl logic. Unlike analog voltage 
references, ECl logic needs the bias reference to 
vary with temperature. This mini tile has its 
function 
predefined for most applications. 


Tll Mini Tile 


This mini tile contains components for building an 
output 
buffer for a TTl or CMOS output stage 
(TTl fanout of 2). The mini tile can convert the 
on-chip 
ECl logic levels to TTl or CMOS logic 
levels. 


T12 Mini Tile 


The T12 mini tile contains additional Schottky 
components for building TTl or CMOS input or 
output buffers. 


~ 


~~~~ 


ICU CCID I 
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MLC3600 
minimum 
NPN 


MLC3625 
8500 
precision 
resistor 


MLC3600 
minimum 
NPN 


MLC3620 
7500 
base resistor 


MLC3621 4KO implant 
resistor 


MLC3600 
minimum 
NPN 
2 


MLC3606 
double 
base NPN 
6 


MLC3620 
7500 
base resistor 
16 


MLC3621 4KO implant 
resistor 
8 


MLC3607 
minimum 
schottky 
NPN 
2 


MLC3602 
three 
emitter 
NPN 
1 


MLC3612 2X vertical 
PNP 
1 


MLC3608 
minimum 
schottky 
diode 
4 


MLC3630 5pF MOS capacitor 
1 


MLC3600 
minimum 
NPN 
8 


MLC3600A 
two 
minimum 
NPNs 
2 


MLC3600B 
minimum 
NPN 
2 


MLC3600C 
minimum 
diode 
2 


MLC3620 
7500 
base resistor 
12 


MLC3621 4KO implant 
resistor 
8 


ML~3600 
minimum 
NPN 


MLC3611 lateral 
PNP 


MLC3612 2X vertical 
PNP 


MLC3620 
7500 
base resistor 


MLC3621 4KO implant 
resistor 


MLC3630 
5pF MOS capacitor 


MLC3600 
minimum 
NPN 
2 


MLC3609 
6X schottky 
NPN 
1 


MLC3613 2X schottky 
NPN 
1 


MLC3620 
7500 
base resistor 
5 


MLC3621 4KO implant 
resistor 
1 


MLC3624 
500 
emitter 
resistor 
1 


MLC3607 
minimum 
schottky 
NPN 
2 


MLC3609 
6X schottky 
NPN 
2 


.~ 
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Tn 
High FrequencyMini Tile 


High frequency circuit design requires specially 
designed components. This mini tile contains 
transistors with low internal base resistance and 
low value, small area base resistors essential for 
high frequency circuit design. The low value 
resistors are critical in high frequency design as 
load resistors to achieve a practical output swing 
with the high currents necessary to maximize the 
bandwidth 
of the transistors. The small area of 
these resistors is also very important 
because it 


minimizes the parasitic capacitance that limits high 
frequency 
performance. This mini tile contains 
minimum 
NPN transistors, circular NPN transistors, 
double base NPN transistors, base, implant, and 
small area base resistors. 


T14 High Power NPN Mini Tile 


The T14 mini tile contains a high current NPN 
power transistor and a clamp diode. These devices 
along with the PNP transistors on the T15 mini tile 
can implement 
a high power output stage with 


surge protection. 
The NPN power transistor can 


handle 0.5 Amps of current. The clamp diode is 
connected 
to protect the large NPN from 


transient surge voltages and currents. 


T15 Medium Current PNP Mini Tile 


This mini tile has the PNP transistors that work in 
conjunction 
with the power devices in the T14 
mini tile to implement an output stage. These PNP 
transistors can supply the necessary base drive 
current, up to 10 mA, for the large NPN 
transistors. Also on this mini tile is a smaller PNP 
that is a scaled version of the large PNP.This PNP 
is typically connected with the larger PNP as a 
current mirror with a gain of nine. 


T16 Power Schottky Mini Tile 


The T16 mini tile consists of one schottky NPN 
transistor capable of handling 120 mA. This 
schottky device is useful in the design of output 
stages that need to drive high current pulses into 
magnetic heads. Switching speed is enhanced 
over a regular power transistor because saturation, 
and the resulting speed degradation, is avoided 
with the schottky transistor. 


T17 General PurposeMini Tile 


The T17 mini tile is used for general purpose 
design. It contains minimum 
NPN and minimum 


vertical PNP transistors and implant resistors. 


!I 


1.1•• lf 
r - 
. j 


MLC3600 
minimum 
NPN 


MLC3601 
circular 
emitter 
NPN 


MLC3606 
double 
base 
NPN 


MLC3620 
7500 
base 
resistor 


MLC3621 
4KO 
implant 
resistor 


MLC3629 
2250 
base resistor 


MLC3605A 
high 
power 
NPN 
(O.5AI 


MLC3609A 
clamp 
diode 


MLC3616 
36X lateral 
PNP 


MLC3615 
4X lateral 
PNP 


MLC3600 
minimum 
NPN 


MLC3610 
minimum 
vertical 
PNP 


MLC3621 
4KO 
implant 
resistor 


MLC3622 
8KO 
implant 
resistor 


• 
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FB3605 Small High Frequency Tile Array 


The FB3605is a bipolar analog tile array developed for 
mixed analog and digital applications that require high 
frequency performance. This FB3600family tile array 
utilizes our proprietary mini tile architecture. The mini 
tile approach combined with our 12 volt, 1 GHz 
technology 
allows high complexity, high speed circuits 
to be easily integrated. 


High frequency circuits like a 90 MHz voltage 
controlled 
oscillator or other similar performance 


circuits can be integrated using the FB3605tile array. 
In addition to this particular circuit block the array can 
also contain 4 full function 
op amps (741type) as well 


as 28 gates of ECl logic and 8 digital output buffers 
capable of interfacing to ECl, TIl, 
or CMOS. 


A new high frequency mini tile was designed for this 
array. This mini tile contains 4 double base, high 
frequency NPNs and 6 low value (225 ohm) base 
resistors along with other NPNs and resistors. The 
double base NPNs and the low value base resistors are 
the key to implementing 
high frequency circuits. 


The FB3605is the smallest of the FB3600family of 
arrays. The small die, 70 by 110 mils, allows it to fit into 
a very small package. The FB3605can be assembled in 
a 0.15 inch wide SOIC package for minimum 
board 


space. 


• High frequency 
operation 
• Small die size - 
Fits in narrow SOIC Package 


• Mixed Analog and Digital circuitry 
• 5 analog circuit 
blocks with 28 ECl gates 


• On chip MOS capacitors 
• 12 volt, 1 GHz technology 


ARRAY SUMMARY 
MINI 
TilE 
SUMMARY 


NPN Transistors 
260 
T1 General 
10 


PNP Transistors 
32 
T1A Small T1 
10 


Schottky 
Transistors 
16 
T2 Specialized 
2 


Total Diffused 
240 K 
T2A Small T2 
2 


Resistance 
T3 Power 
2 


Total Implant 
816 K 
T9 ECL 
10 
Resistance 


Total MOS 
20 pF 
T11 TIL 
Output 
8 


Capacitance 
T13 High 
Frequency 
4 


Total Components 
840 


Bond 
Pads 
24 


Die Size (mils) 
70 x 110 


• •• 
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FB3610, FB3620, FB3630 General Purpose Tile Arrays 


The FB3610,FB3620,and FB3630are general purpose 
analog tile arrays capable of implementing 
a wide 
range of circuit functions. These FB3600family arrays 
use our proprietary 
mini-tile 
architecture. The mini-tile 
approach combined with our 12-volt, 1 CHz 
technology 
allows high complexity, high speed circuits 


to be easily integrated. 


Each of these general pu rpose arrays have the same 
basic structure. The difference is in the number of 
mini-tiles and therefore the number of total 
components 
available on each array. The different 
arrays can incorporate differing levels of circuit 
complexities. The FB3610is the smallest and able to 
contain approximately six full function 
operational 


amplifiers or twelve comparators. The largest general 
purpose array, the FB3630,can incorporate 24 
operational amplifiers or as many as 48 comparators. 


Both the FB3620and FB3630contain precision resistor 
mini-tiles which allows precision circuits to be 
integrated on these arrays. The typical resistor match 
of 0.5% enables an 8-bit DAC to be implemented. All 
three of these arrays also contain low noise and power 
devices. The low noise transistors allow circuits with 
less than 5nV/y'HZ input referred noise to be realized. 
The power transistors can supply up to 100mA each 
and can be paralleled for higher currents. Other FB3600 
arrays can achieve up to 2 amps. 


High performance circuits can be implemented on 
these arrays. Amplifiers with bandwidths up to 70 MHz 
and voltage controlled oscillators up to 50 MHz can be 
implemented 
on the FB3610,FB3620or FB3630arrays. 
Higher frequency performance can be achieved on 
other FB3600family tile arrays. 


• High complexity 
and high performance 


• Operates with supplies up to 12 volts, ±10% 
• Flexible mini-tile 
architecture 


• Precision and high current 
components 


• 12 volt, 1 CHz technology 


FB3610 
FB3620 
FB3630 


NPN Transistors 
178 
268 
472 


PNP Transistors 
78 
124 
232 


Total Diffused 
Resistance 
288K 
425K 
768K 


Total Implant 
Resistance 
1563K 
2048K 
3584K 


Total MOS Capacitance 
30pF 
60pF 
120pF 


Total Components 
742 
1092 
1944 


Bond 
Pads 
24 
32 
46 


Die Size (mils) 
82 x 102 
102 x 11S 
131 x 1S0 


MINI-TILE SUMMARY 


FB3610 
FB3620 
FB3630 


T1 
General 
48 
64 
112 


T2 
Specialized 
6 
12 
24 


13 
Power 
4 
4 
4 


T4 
Low Noise 
4 
4 
4 • 


TS 
Precision 
4 
8 
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FB3621 Medium High Frequency Tile Array 


The FB3621array is ideal for applications that have 
high frequency and low noise requirements. This 
FB3600family tile array utilizes our proprietary 
mini-tile 
architecture. The mini tile approach combined with 
our 12-volt, 1 GHz technology allows high complexity, 
high speed circuits to be easily integrated. 


High frequency and low noise circuits require 
transistors with low parasitic base resistance. This array 
contains a large number of transistors with dual base 
contacts and therefore low base resistance. In addition 
to these high frequency/low 
noise NPNs the array has 
a high percentage of regular NPN devices. The high 
overall number of NPN transistors enables a large 
number of high frequency circuit blocks to be 
implemented. 
EeL logic, which uses mostly NPN 


devices, can also be integrated on this array. 


Typical types of circuit functions that can be 
implemented 
on the FB3621array are 100 MHz 
cascode amplifiers, veos, 
wideband/low 
noise 
amplifiers, and high speed comparators (TD < Sns). 


• High frequency 
operation 
• Low noise circuits 
• On-chip 
MaS 
capacitors 


• 12 volt, 1 GHz technology 


ARRAY SUMMARY 


NPN Transistors 
329 


PNP Transistors 
88 


Schottky Transistors 
8 


Total Diffused 
495K 
Resistance 


Total Implant 
2064K 
Resistance 


Total MOS 
40pF 


Capacitance 


Total Components 
1S08 


Bond Pads 
32 


Die Size (mils) 
102 x 115 


MINI 
TILE SUMMARY 


T1 General 
48 


T2 Specialized 
8 


13 Power 
2 


T4 Low Noise 
4 


T6 NPN Intensive 


T7 High Frequency 
12 


T11 TIL Output 
4 
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FB3622 Medium 
Power Schottky Tile Array 


The FB3622is a bipolar analog tile array developed for 
applications that require fast high current outputs. This 
FB3600family tile array utilizes our proprietary mini tile 
architecture. The mini tile approach combined with 
our 12 volt, 1 GHz technology allows high complexity, 
high speed circuits to be easily integrated. 


Around the perimeter of the die are fourteen large 
schottky NPN power transistors. These power 
transistors, capable of handling over 100 mA each, 
make this array ideal for applications which call for 
driving inductive loads with high currents such as 
magnetic write heads. Twelve high frequency tiles 
expand the capabilities of this array. These high 
frequency tiles allow high frequency circuit blocks to 
be included on this array. 


This array can accommodate eighteen functional 
blocks of the approximate complexity of a 324 
operational amplifier. 


• 14 power schottky NPN transistors 
• Design complexities 
of 18 functional 
blocks 


• Precision and high frequency 
mini tiles 


• On chip MOS capacitors 
• 12 volt, 1 GHz technology 


ARRAY SUMMARY 
MINI 
TILE SUMMARY 


NPN Transistors 
276 
T1 General 
48 


PNP Transistors 
108 
T2 Specialized 
12 


Schottky 
Transistors 
14 
T7 High 
Frequency 
12 


Total Diffused 
432 K 
T16 Power Schottky 
14 
Resistance 


Total Implant 
1920 K 


Resistance 


Total MOS 
60 pF 
Capacitance 


Total Components 
1370 


Bond 
Pads 
28 


Die Size (mils) 
112 x 125 
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FB3623 Medium High Power Tile Array 


The FB3623is a bipolar analog tile array capable of 
handling up to 2 amps of current. This FB3600family 
tile array utilizes our proprietary mini tile architecture. 
The mini tile approach combined with our 12 volt, 
1 GHz technology allows high complexity, high speed 
circuits to be easily integrated. 


The array has two distinct sections, one with the 
power output devices and the other for general 
purpose circuits. The general purpose section, the 
larger area, is configured for circuits that can be 
designed using the various types of mini tiles. Op 
Amps, comparators, video amplifiers, voltage controlled 
oscillators, analog multiplexers, and mixers, are some 
examples of the types of circuit functions that can be 
realized using these mini tiles. 


The other section of the array has components 
designed for high current output stages.Consisting 
primarily of four 0.5 A power NPNs, four 10 mA lateral 
PNPs,and four high current clamp diodes, this area 
can integrate output stages with a wide variety of 
configurations such as a four by 0.5A, two by 1 A, or 1 
by 2 A for examples. The clamp diodes protect the 
output transistors from spurious transient signals on 
the output. 


The two sections are separated by a diffused region 
which minimizes any coupling from the output 
transistor section back into the rest of the circuit 
which might cause problems due to high gain or low 
signal levels. 


• High Current 
Capability - 
up to 2 A 


• Mixed 
High Power and Low Level Circuits 


• High complexity 
with 
High Performance 


• On chip MOS capacitors 
• 12 volt, 1 GHz technology 


ARRAY SUMMARY 
MINI 
TILE SUMMARY 


NPN Transistors 
272 
T1 General 
64 


PNP Transistors 
132 
T2 Specialized 
12 


Total Diffused 
42S K 
13 Power 
4 
Resistance 
T4 Low Noise 
2 


Total Implant 
2048 K 
T5 Precision 
4 
Resistance 


Total M05 
60 pf 
T14 High Power NPN 
4 


Capacitance 
T15 High Power PNP 
4 


Total Components 
1360 


Bond Pads 
27 


Die Size (mils) 
115 x 122 
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FB3631 Large Mixed Analog Digital Tile Array 


The FB3631tile array was developed for mixed analog 
digital applications. This FB3600family tile array utilizes 
our proprietary 
mini tile architecture. The mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity, high speed mixed 
signal circuits to be easily integrated. 


This array is optimized for high complexity analog with 
a moderate amount of digital circuitry. For example, 
twelve 324 style operational amplifiers, sixty-six gates of 
logic, eight digital output buffers, and 3 other circuit 
blocks can all be implemented 
on a FB3631tile array. 


Our 1 GHz bipolar process allows us to achieve high 
performance circuits on our FB3600tile arrays. 
Amplifiers with a bandwidth of 100 MHz and digital 
ECl gates with delays of 2 ns can be implemented 
on 


Micro Linear tile arrays. 


• Mixed Analog and Digital Circuitry 
• 15 Analog circuit 
blocks with 66 ECl Gates 


• 2800 Components, 
44 Bond Pads 


• On chip MaS 
Capacitors 


• 12 volt, 1 GHz technology 


ARRAY SUMMARY 
MINI TilE SUMMARY 


NPN Transistors 
690 
T1 General 
92 


PNP Transistors 
154 
T2 Specialized 
12 


Schottky 
Transistors 
16 
T3 Power 
4 


Total Diffused 
850 K 
T7 High 
Frequency 
4 
Resistance 
T9 ECl 
22 


Total Implant 
3928 K 
T10 ECl Bias 
1 
Resistance 


Total MOS 
60 pF 
T11 TIl 
Output 
8 


Capacitance 
T17 General 
1 


Total Components 
2806 


Bond 
Pads 
44 


Die Size (mils) 
142 x 156 


• 
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FB3635 Analog and Digital Tile Array 


The FB3635 offers both analog and digital circuit design on a 
single tile array. The top half of the FB3635 contains 
components for analog circuit design. The bottom half of the 
array contains npn components for digital design. 


The analog section can implement eight lM324 type op 
amps or twelve lM339 type comparators. Many comparator 
applications can use a comparator with npn transistors in the 
input stage. In this case, the analog section of the array can 
be filled with eighteen comparators. A two quadrant analog 
multiplier, AGC circuit, analog multiplexer (switch), video 
amplifier or a MC1496 type modulator/demodulator 
can also 


be implemented. 
Each of these functions requires roughly the 


same number of components asone op amp. In addition, the 
array can also implement one 8-bit DAC, four 100MHz cas- 
code amplifiers and a voltage reference. 


The digital section of the FB3635 contains forty two digital 
logic cells. Each digital logic cell can implement a one bit 
latch (with set and reset),or three NAND gates. Two digital 
logic cells can implement an edge triggered D type flip-flop 


• Mixed analog and digital tile array 
• Analog section 
npn ft 720MHz 
pnpft25MHz 
Eight 5 pF MOS capacitors 
Operates upto 
12V ±10% 


• Digital section 
132 NAND 
gates or 42 latches 
2 ns gate propagation 
delay 
ECl logic using a single +5 volt supply 
TTl, 
ECl, and CMOS compatibility 


with set and reset.All logic functions are implemented using 
ECl logic. This provides for 2 nanosecond gate propagation 
delays and flip-flop toggle ratesof 80MHz. The logic area can 
be powered off of a single 5V supply. On-chip logic level 
converters can convert the arrays ECl logic levels to standard 
TIl, 
CMOS or ECl logic levels. 
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FB3400 lile Array Selection Guide 


Array 
FB3410 
FB3420 
FB3430 


Description 
Small General 
Purpose 
Medium 
General 
Purpose 
Large General 
Purpose 


Mini 
Tile 
Summary 


T1 
General 
Purpose 
16 
32 
44 


T2 
Special 
Devices 
4 
12 


c. 


16 


T3 
Power 
Devices 
4 
4 
4 


T4 
Low 
Noise 
Devices 
0 
4 
0 


T5 
Precision 
Resistors 
" 
0 
2 
3 


Array 
Summary 


Complexity' 
4 
12 
16 


N PN Transistors 
132 
296 
394 


PN P Transistors 
52 
124 
168 


Total Diffused 
Resistance 
176K 
384K 
538K 


Total Implant 
Resistance 
1600K 
3200K 
4400K 


Total MOS 
Capacitance 
40pF 
120pF 
160pF 


Total Components 
524 
1132 
1500 


Bond 
Pads 
32 
46 
66 


COMPONENT 
FB3400 FAMILY 


NPN Transistor 
hFE 
~ 120 
IT ~ 300MHz 
BVceo ~ 40V 


NPN 
Large Transistor 
(FB3623 Only) 


PNP Substrate 
Transistor 
hF[ = 60 
IT ~ 20MHz 
BVceo ~ 45V 


PNP Lateral Transistor 
hFE = 30 
IT = 3MHz 
BVceo = 45V 


Diffused 
Resistor 
2% matching 
with 
±20",{, absolute 
value 


Precision 
Resistors 
0.5% matching 
with 
±20% 
absolute 
value 


Implant 
Resistors 
4% matching 
with 
±25% 
absolute 
value 


MOS 
Capacitor 
±20% 
absolute 
value 
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FB3400 Mini Tile Description 


Tl Mini Tile 


This is a general-purpose 
analog tile. It can implement 


many common 
building 
block 
functions, 
such as 


current 
mirrors, 
differential 
gain stages and level 


shifters. A T1 tile contains 
seven small geometry 
NPNs 


(ft 300MHz), two quad collector 
PNPs (ft 4MHz), eleven 
1kO resistors, and ten 10kO resistors. 


12 Mini Tile 


The T2 tile contains 
a collection 
of specialized 


components. 
Many analog building 
blocks, such as op- 


amps, use a T1 tile and a T2 tile. The T2 tiles contain 
two 
medium 
size low noise NPN transistors, four 
small 


substrate 
PNPs (ft 8MHz), one large substrate PNP (ft 


8M Hz), one triple 
emitter 
NPN, and a MOS capacitor 


whose value can be programmed 
up to 10pF. 


T3 Mini Tile 


The T3 file contains 
two 
NPN power 
transistors 
for 


output 
stages driving 
up to 100mA each. These tiles 


are situated 
in peripheral 
positions 
around 
the chips, 
in close proximity 
to the bonding 
pads. 


T4 Mini Tile 


The T4 tile contains 
two low-noise 
NPN transistors 


which 
are used in circuits 
requiring 
low noise 


performance. 


T5 Mini Tile 


This mini tile contains 
ten minimum 
geometry 
NPN 


transistors 
and eighteen 
precision 
resistor links. These 


special resistors have a nominal 
ohmic 
value of 9000 


and are matched 
to within 
an accuracy of 0.5%. It is 
possible to construct 
R-2R ladders used in the core of 


an 8-bit DAC by using 24 resistors. 
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FB3410, FB3420, FB3430 


General Purpose Tile Arrays 


The FB3400 family has been designed to utilize the traditional 
analog ± 15V signal swings and power supply rails. A single 
power supply of up to 36V or split power supplies of up to 
±18V can be utilized. Significant board space and cost sav- 
ings are possible with the FB3400 family of analog tile arrays. 


A single FB3400 Analog ASIC can typically replace ten to 
twenty standard analog building block components. In addi- 
tion, many of the active and passivecomponents surround- 
ing the discrete building blocks can be incorporated on-chip. 


The FB3400 family utilizes Micro Linear's new mini-tile archi- 
tecture concept. The FB3400 family usesfive different mini- 
tiles. One or more mini-tiles can be combined to implement 
functional blocks such asop-amps, comparators, voltage 
references, video amplifiers, transconductance amplifiers, 
modulators, demodulators, RS-232,RS-432,RS-422,V.35 
drivers & receivers, D/ A and pulse width modulation circuits. 


• Optimized 
for up to 36 V operation 


• High Component 
Density, dual layer metal process 


• 300MHz 
array technology 


• Three high performance 
family 
members 


• Design complexities 
of up to 16 op-amps 


• On-chip 
precision 
resistors and compensation 
capacitors 


• 
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FC3560 Read Channel Tile Array 


The FC3560 is an application 
focused tile array targeted 
specifically 
for mass storage applications. 
This Tile Array 
can implement 
all of the functions 
required in a high 


performance 
read channel. 


The array consists of optimized 
circuit blocks for the 
following 
functions: 
a pulse detector, servo demodulator, 
data separator, frequency 
synthesizer, write pre- 


compensation, 
two crystal oscillators, 
bandgap reference, 
as well as 800 gates of uncommitted 
logic. The logic can 


be used to implement 
an encoder/decoder 
function, 
address mark generation/detection, 
or M & N dividers. 


Typical performance 
of circuit blocks integrated on the 
FC3560 Tile Array is shown in the Tile Array summary 
below. 


Although 
very specialized, 
the FC3560 maintains a high 


degree of flexibility. 
All of the components 
are 
uncommitted 
until connected 
with two layers of metal at 
the final step of the production 
process. The performance 
or function 
of the individual 
circuit functions can be 
modified 
or the architecture 
chosen to achieve an 


optimum 
read channel system. 


The FC3560 is fabricated 
using our advanced BiCMOS 
technology. 
This 4GHz, 
1.5f.l process combines the 
advantages of high speed bipolar with dense CMOS. 


• 
Application 
Focused Tile Array 


• 
Optimized 
for Mass Storage Read Channel Functions 


• 
Flexibility 
at the Functional 
Block and 
Component 
Level 


• 
Advanced 4 GHz, 1.5f.l BiCMOS process 


±0.5ns PulsePairing 


4 Channels 


Data Separator 


FrequencySynthesizer 


36 Mbits/s 
veo and Charge Pump 


2 to 20ns 


CrystalOsciliators (2) 


BandgapReference 


Uncommitted Logic Gates 


Bond Pads 


800 


58 


134 x 142 
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FB3651 LAN Transceiver Array 


The FB3651is an application 
focused tile array 
intended for local area network transceiver 
applications. This array was developed 
using Micro 
Linear's proprietary 
mini tile architecture. 
This mini tile 


approach combined 
with our 12 volt, 1 GHz 
technology 
allows high complexity 
and high speed, 
cost effective LAN Transceiver circuits to be easily 
integrated. 


The array consists of two distinct sections each with 
different 
component 
groupings, the first section, 


situated mostly in the middle of the array, contains 
custom cells to implement 
timer functions. These 


custom cells can implement 
up to nine timers with 


outputs that span from milliseconds up to 1/2 second 
with no external components. The long times are 
accomplished 
by generating very small yet stable 


currents that charge on chip capacitors. The remainder 
of the die area has general purpose mini-tiles for the 
other analog and digital circuit functions common 
to 
LAN transceiver applications. 


The design of the FB3651LAN Transceiver array is 
optimized 
for the circuit building 
blocks required to 
implement 
the function 
of a local area network 


transceiver. Examples of the types of circuits possible 
are: high speed transmitters and receivers, transmit and 
receive squelch, oscillators, diagnostic and fault 
protection 
circuits, LED drivers, and other similar type 


circuits. 


This very high complexity 
array can realize up to 12 


analog functional 
blocks, 6 high frequency/digital 


blocks, and 150 digital gates, in addition to the nine 
timer functions. 


• Array optimized 
for local area network 
transceivers 


• Nine independent 
timer functions 
possible for 


deadman, squelch, and diagnostic 
functions 
(1-500ms) 


• Can implement 
a highly symmetrical 
current 
driven 
transmitter 
for low RFI noise and low jitter 
• 18 analog circuit 
blocks with 
150 ECL gates 


• 12 volt, 1 GHz technology 


ARRAY SUMMARY 
MINI TILE SUMMARY 


NPN Transistors 
1424 
T1 General 
58 


PNP Transistors 
152 
T2 Specialized 
6 


Schottky 
Transistors 
20 
T7 High 
Frequency 
17 


Total Diffused 
1020K 
T9 ECl logic 
50 


Resistance 
T12 Schottky 
Peripheral 
10 


Total Implant 
5432K 
Tn 
High 
Frequency 
3 
Resistance 


Total MOS 
310pF 
Timer 
Cells 
9 


Capacitance 
Timer 
Bias 
1 


Total Components 
4242 


Bond Pads 
50 
• 
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FC3580 Micro Power Controller Tile Array 


The FC3s80 is an application 
focused tile array optimized 


for battery powered controller 
applications. 
This Tile Array 
can implement 
all of the functions 
required for a DC to 
DC convertor 
for 1 to 3 cell battery powered systems. 


Examples of other configurations 
are, various boost buck 


regulators, MOsFET drivers, loud speaker drivers, or 
power amplifier 
applications, 
etc. 


A synchronous 
rectifying 
boost regulator capable of 
running with input voltages as low as 1V and efficiencies 
greater than 90% can be implemented 
on the FC3s80. 


The FC3s80 is fabricated 
using our advanced BiCMOs 


technology. 
This 4GHz, 
1.slJ process combines the 
advantages of high speed bipolar with dense CMOS. The 
bipolar devices can be used for high bandwidth, 
low 
offset and low noise amplifiers 
while the CMOS devices 
can be used for dense digital 
low power logic as well as 
for analog switches, the front ends of FET amplifiers, 
or 


power FETs.CMOS devices allow the design of power 
output stages that can swing rail to rail. 


Some of the specialized 
components 
on the this array 


include; very low RDSON (0.2 
N-Channel, 
0.5 
P-Channel) CMOS output transistors, high quality poly 
resistors, stable poly-oxide 
capacitors, and a large amount 


of total resistance (> 16M ohms) for low power designs. 


The small die size enables the FC3s80 to fit in narrow 
(0.15") body SOIC packages. 


• 
Application 
Focused Tile Array 


• 
Ideal for Battery Powered Applications 


• 
High Efficiency Down to 1V Inputs 


• 
Rail to Rail Output 
Swings Possible 


• 
Advanced 4 GHz, 1.slJ BiCMOS Process 


ARRAY SUMMARY 


NPN Transistors 
152 


PNPTransistors 
152 


NMOS Transistors 
42 


PMOSTransistors 
42 


Total Poly Resistance 
3300K 


Total Other Resistance 
13.4M 


Total MOS Capacitance 77pF 


Total Components 
836 


Bond Pads 
29 


Die Size (mils) 
70 x 110 
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FB3680 Electronic Ballast and Power Factor Tile Array 


The FB3680 is an application 
focused tile array optimized 
for electronic 
ballast controller 
applications. 
This Tile 
Array can implement 
all of the functions 
required for a 
high efficiency 
low distortion, 
power factor corrected 


dimmable 
ballast controller. 


A ballast controller 
with a 0.99 power factor and greater 


than 95% efficiency 
can be implemented 
on the FB3680. 


Certain areas on the the FB3680 are customized 
for the 
specific circuit 
blocks required in power factor corrected 


ballast applications. 
These circuit 
blocks include: a 1% 
voltage reference, three fast, high current (SOns, 200mA) 
totem pole outputs, oscillator, 
under voltage lockout, 
thermal shutdown, 
voltage to current convertor, timer, 
multipler, 
shunt regulator, fault protection, 
three op-amps 


(3MHz GBW), plus eight comparators 
and uncommited 


gates of RTL logic. In total the FB3680 can implement 
14 


analog circuit 
blocks plus logic. 


Although 
optimized 
for these circuit blocks, the FB3680 


still maintains complete flexibility. 
Each component 


remains uncommited 
until connected 
with the two layers 
of metal interconnect 
at the final step of the wafer 


manufacturing 
process. This allows the FB3680 to used for 


a wide variety of circuit functions beyond the ones 
identified 
above. 


The FB3680 is fabricated 
using our 12 volt, 1GHz bipolar 


technology. 


• 
Application 
Focused Tile Array 


• 
Optimized 
for Dimming 
Electronic Ballast with Power 


Factor Correction 
Applications 


• 
Can Implement a 0.99 Power Factor with 
95% Efficiency 


• 
All Components 
Uncommited 
- Connected with Two 


Metal Interconnect 
Layers 


• 
12 Volt, 1 GHz, Bipolar Technology 


ARRAY 
SUMMARY 


NPN Transistors 
368 


PNPTransistors 
207 


Power NPN Transistors 
12 


Total BaseResistance 
470K 


Total Implant Resistance 2.3M 


Total MOS Capacitance SOpF 


Total Components 
1740 


Bond Pads 
22 


Die Size (mils) 
109 x 140 
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FB3480 Power Supply Controller Array 


The FB3480Power Supply Controller 
Array is a new 


concept in Switch Mode Power Supply Controller 
(SMPS)technology. This Array is the first configurable 
bipolar array specifically designed for SMPS 
applications. The FB3480is optimized for high 
performance and low design cost and time, since most 
of the commonly 
used SMPSfunctions have been pre- 


designed and characterized. 


With the FB3480a power supply designer can select 
his own unique controller 
topology and features 


without 
the need for external components. This 
flexibility allows compact PC board layout, minimizing 
interference from induced RFI/EMI, and enhancing 
high frequency performance. 


The FB3480contains all of the elements found in most 
SMPS controllers 
in addition to areas of uncommitted 


circuitry on the Array which can be configured for 
unique applications. The core of the array is similar in 
performance to the UC182S controller 
and consists of 
an oscillator, precision voltage reference, error 
amplifier and two totem pole high current output 
stages, which are specifically optimized for high 
performance at high frequency. These cells can be 
connected with other available circuitry on the chip to 
form a complete SMPScontroller. The "uncommitted" 


sections of the array can be configured 
into 


comparators, logic, and other functions, to implement 
a complete control. In addition, closely matched 
resistors are available to precisely control thresholds 
and gain settings on the chip. 


The FB3480array is used to make several state of the 
art standard products, including the ML482S and 
ML4809. Cells from these and future Micro Linear 
FB3480based standard products can be made available 
for customer designs. 


• Practical operation 
to Switching Speeds above 


1 MHz 


• Precision Bandgap Reference 
. 
. 
±1% 


• 2 A peak push-pull 
output 
stages for high speed 


drive of power MOSFETs 


• Fast comparator 
to output 
response time 
.. 
<SOns 


• Available in DIP or PLCC 
• Mil-Temp available 
• Additional 
user-definable 
logic, comparators 
and 
other circuitry 
available on chip 


"Micro 
Linear 


The FB3480 consists of pre-configured 
optimized 


functional 
cells which 
are commonly 
found 
in SMPS 


controllers. 
In addition 
the FB3480 has additional 


transistors and resistors available for user configuration. 
The Array topology 
is optimized 
to implement 
a full 


featured 
high performance 
SMPS controller 
utilizing 
both the "Dedicated 
Resources" (oscillator, error 
amp, 
reference 
and power output) 
and additional 
fully 
configurable 
resistors and transistors. 


The FB3480 can be configured 
to fully implement 
the 


ML4825 improved 
pin compatible 
replacement 
for the 


popular 
UC1825 controller 
and still have resources on 


chip for additional 
functions. 


The table below 
lists uncommitted 
resources which 
are 
still available after implementing 
the following 
controller 
designs completely. 


The FB3480's unused elements 
can be configured 
into: 


Ml4825 
Ml4823 
FB3480 


Component 
Used 
Unused 
Used 
Unused 
lOtal 


NPN Current 
Sink 
20 
9 
15 
14 
29 


NPN Transistors 
27 
29 
21 
35 
56 


Dual Emitter NPN 
6 
8 
3 
11 
14 


NPN Follower 
(1 Emitter) 
0 
8 
0 
8 
8 


NPN Follower 
(2 Emitter) 
10 
7 
7 
10 
17 


Low Voltage 4 Collector 
PNP 
3 
8 
3 
8 
11 


High Voltage 4 Collector 
PNP 
2 
2 
2 
2 
4 


PNP Current 
Source 
3 
3 
2 
4 
6 


Zeners (NPN Diodes) 
2 
4 
0 
6 
6 


2 A NPN Transistors 
4 
0 
2 
2 
4 


Implanted 
Resistors 
37 
18 
29 
26 
55 


Base Resistor 
3 
5 
3 
5 
8 


Bondable 
Pads 
16 
12 
16 
12 
28 


The table below 
lists the dedicated 
functions 
which 
are 
available on the FB3480. Each of these blocks is 
described 
in more detail beginning 
on page 4. 


REFII 
Description 
Count 


OSC1 
1.5 MHz. FMAJ(R-C Oscillator 
1 


REF1 
5.1 V Precision Reference 
1 


PWR1 
2 A Peak Push-Pull Totem Pole 
2 


Output 
Buffer 


EA1 
5.5 MHz Bandwidth, 
12V/f.JSSlew 
1 


Rate Error Amp 


UV1 
Under-Voltage 
Lockout 
Circuit 
1 • 
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The FB3480 includes a large number of transistors and 
resistors which are used to make up the circuit 
functions 
or "cells" which are available for design and 


listed beginning on page 8. The table below lists how 
many of these components 
are available and their 


typical performance characteristics. 


f3@ 
f3@ 
1(8/2) 
Ref 1* 
Description 
100 JlA 
1 rnA 
(Note 1) 
VCEO 
VCBO 
FT (MHz) 
Count 


TNl 
NPN Low Voltage 
100 
20 
12 
25 
450 
55 


TN3 
NPN Power (100 mAl 
100 
60 
45 
55 
450 
1 


TN4 
Dual Emitter NPN 
100 
20 
45 
55 
450 
10 


TN5 
NPN Emitter Follower 
100 
20 
12 
25 
450 
8 


TN6 
NPN Dual Emitter Follower 
100 
20 
12 
25 
450 
17 


TN7 
NPN Current Sinks 
100 
20 
12 
25 
450 
29 


TPl 
Lateral Low V PNP 
30 
1 
15 
25 
4 
8 


TP2 
Lateral High V PNP 
30 
1 
45 
45 
4 
3 


TP3 
Substrate PNP 
60 
1 
45 
45 
20 
1 


Description 


NPN Diode 


VREVERSE 


6.8 


'FORWARD 
(rnA) 


2 


Ref 1* 
Type 
Value 
Tolerance 
Ratio Matching 
Count 


RBl 
Base 
2KO 
20% 
0.5% 
6 


Rll 
Implant 
2KO 
20% 
1.0% 
29 


RI2 
Implant 
8KO 
20% 
1.0% 
8 


R13 
Implant 
30KO 
20% 
3.0% 
5 


Transistors TP1, TP2, and TP3, are constructed 
with 


four separate collectors 
and can be used as current 
sources as shown below. TN7 is a special NPN 
transistor which 
includes a 2000 resistor cell and is 
intended 
to be used as a current 
sink in conjunction 


with the on chip bias reference generator. 


Current 
Sources CPl and CP3 are examples of current 
sources which 
can be constructed 
with the PNP 


transistors. CPl is a basic biasing current 
source, 


where the 3 output 
currents are equal to the input 
current. 
CP3 has an additional 
circuit 
to cancel the 


base current 
error and is more accurate and linear. 


r - - - 
I 
I 
I 
I 
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I 
L 
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Supply Voltage 
36V 


Output 
Current, Source or Sink (Power Outputs) 
DC 
O.5A 


Pulse (0.5 f.JS) 
2.0A 


Input Voltage (logic, comparators etc.) 
-O.3V to 6V 


Error Amplifier 
Output 
Current 
SmA 


Oscillator Charging Current 
-SmA 


Junction Temperature 
150°C 
Storage Temperature Range 
-6SoC to +lS0°C 
Lead Temperature (Soldering 10 sec.) 
+260°C 


Plastic Packages (PCC or DIP) 
-40°C to +8SoC 


Ceramic Packages 
. 
-55°C to +12SoC 


Absolute 
maximum 
ratings 
are those 
values 
beyond 
which 
the 


device 
could 
be permanently 
damaged. 
Absolute 
maximum 
ratings 
are stress ratings 
only 
and 
functional 
device 
operation 
is not 


implied. 


FB3480 CORE CELL DESCRIPTIONS 


Oscillator 


The FB3480 oscillator 
charges the external capacitor 


(CT) with a current 
(l5ET)equal to V(1)/RT. When the 
capacitor voltage reaches the upper threshold, 
the 


comparator 
changes state and the capacitor discharges 
------------1 
OSCI 
I 


I 
5.1V 
I 


I 
I 


1015 
3 
I 


I 
_ 
_ 
I 
L 
_ 
- 
- __ 
I 


to the lower threshold. 
While the capacitor 
is 


discharging, 
a high pulse is provided 
on (3). 


Several configurations 
are available for the FB3480 


oscillator: 


1. Basic ML482S oscillator: A fixed discharge time is 


provided 
by saturating a transistor for 
1015.This 


discharge current 
is approximately 
10 mA. Charge 
time is fixed since pin 4 is set to 3V by the internal 
resistor divider 
at node A. 


2. Controlled 
Discharge: '015 is equal to: 


16 x V(pin 5) 


ROT 


3. Voltage Controlled 
Oscillator. The connection 
at 


node A is open and pin 4 is brought 
out. The 
control 
range is from 1V to S.5v. The voltage at pin 
4 sets the charge and discharge currents (if option 
2 above is implemented) 
thereby controlling 
the 
frequency 
of the oscillator. 
• 


ELEORICAL CHARAOERISTICS (unless otherwise 
noted, these specifications 
apply for RT = 3.6SKO, CT = 1000pF, 


-55°C < TJ < 150°C, Vcc 
= lSV) fixed deadtime, A connected. 


DESIGNLIMITS 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


OSCl and OSC2Oscillator 


Initial Accuracy 
TI = 25°C 
360 
400 
440 
KHz 


Voltage Stability 
10V< Vcc < 30V 
0.2 
2 
% 


Temperature Stability 
-55°C < TJ < 150°C 
5 
% 


Total Variation 
line, temp. 
340 
460 
KHz 


Clock out High 
3.9 
4.5 
V 


Clock out Low 
2.3 
2.9 
V 


Ramp Peak 
2.6 
2.8 
3.0 
V 


RampValley 
0.7 
1.0 
1.25 
V 


RampValley to Peak 
1.6 
1.8 
2.0 
V 


Capacitor DischargeCurrent 
10 
mA 


Current Consumption 
3.2 
mA 


Typical VCO Control Range 
1.5< OSC2-4< 5V 
75% 
175% 
fNOM 


"Micro 
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Oscillator 
(Continued) 


The 
Oscillator 
period 
can 
be 
described 
by the 
following 
relationship: 


Tosc 
= Tramp + Tdeadtime 


where: 
Tramp = C (Vupper 
- Vlower)lIcharge 
and: 
Tdeadtime = C (V upper - Vlower)/ldis 


Voltage Reference and Undervoltage lockout 


The 
FB3480 voltage 
reference 
is a buffered 
trimmed 


bandgap 
design 
with 
excellent 
thermal 
characteristics. 
The 
undervoltage 
lockout 
circuit 
(UV1) 
monitors 
Vcc 
and 
compares 
it to 
a zener 
voltage 
with 
hysteresis 
in 


the 
comparator. 
When 
the 
supply 
is sufficiently 
high 
to 


OsCI-3 
n 
n 
-~ 
TD--II- 


VTH 
UPPER 
-~----- 
------ 
--- 
OsCI-2 
- ------- ------ 
-- 


VTH LOWER 


allow 
operation 
of the 
controller, 
pin 
1 of 
UV1 
goes 


true, 
enabling 
VREF1, which 
runs 
the 
bias 
circuitry 
for 
all 
the 
logic. 
In this 
way, 
when 
the 
Vcc 
is under 
voltage, 


the 
array 
goes 
into 
a low 
current 
consumption 
mode. 
The 
thresholds 
for 
UV1 
can 
be 
selected. 


ENABLE 


(FROM 
UV1-1) 
2 
-----, 


I 


I 
I 


I 
I 


DESIGN 
LIMITS 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


VRl 


Output 
Voltage 
TI = 25°C, 10 = lmA 
5.05 
5.10 
5.15 
V 


Line Regulation 
10V < Vcc < 30V 
2 
20 
mV 


Load Regulation 
lmA < 10 < 10mA 
5 
20 
mV 


Temperature 
Stability 
-55°C < TJ < 150°C 
.2 
.4 
mV/oC 


Total Output 
Variation 
line, temp. 
5.0 
5.20 
V 


Output 
Noise Voltage 
10Hz to 10KHz 
50 
IlV 


Long Term Stability 
TI = 125°C, 1000 Hrs 
5 
25 
mV 


Short 
Circuit 
Current 
VREF 
= OV 
-15 
-50 
-100 
mA 


Current 
Consumption 
.7 
mA 


UVl 


Start Threshold 
8.8 
9.2 
9.6 
V 


UVOL 
Hysteresis 
I 
.4 
.8 
1.2 
V 
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Error Amplifier 


The 
FB3480 error 
amplifier 
is a 5.5 MHz 
bandwidth, 
12V/pS 
slew 
rate 
op-amp 
with 
provision 
for 
limiting 
the 
positive 
output 
voltage 
swing 
(Output 
Inhibit 
line) 
for 


ease in implementing 
the 
soft 
start 
function. 


DESIGN LIMITS 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


EAl 


Input 
Offset Voltage 
10 
mV 


Input 
Bias Current 
.6 
3 
pA 


Input 
Offset Current 
.1 
1 
pA 


Open 
Loop Gain 
1 < Va < 4V 
60 
96 
dB 


CMRR 
1.5 < VCM < 5.5V 
75 
95 
dB 


PSRR 
10 < Vcc < 30V 
85 
110 
dB 


Output 
Sink Current 
VEA1-1 
= lV 
1 
2.5 
mA 


Output 
Source Current 
VEA1-1 
= 4V 
-.5 
-1.3 
mA 


Output 
High Voltage 
IEA1-1 = -O.5mA 
4.0 
4.7 
S.O 
V 


Output 
Low Voltage 
IEA1-1 = lmA 
0 
0.5 
1.0 
V 


Unity Gain Bandwidth 
3 
5.5 
MHz 


Slew Rate 
6 
12 
VipS 


Current 
Consumption 
IEA1-1 = 0 
1.5 
mA 


Output 
Driver Stage 


The 
FB3480 Output 
Driver 
is a 2A peak 
output 
high 


speed 
totem 
pole 
circuit 
designed 
to 
quickly 
switch 
the 


gates 
of capacitive 
loads, 
such 
as power 
MOSFET 


transistors. 
The 
external 
translator 
to the 
left 
of the 
PWRl 
cell 
is shown 
as an example 
of how 
to 
interface 
from 
logic 
signals 
to the 
output 
stage 
and 
is made 
up 


of uncommitted 
resources 
available 
on 
the 
IC 
• 


DESIGN LIMITS 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


PWRl 


Output 
Low Level (VOl) 
lOUT = 20mA 
0.25 
0.40 
V 


lOUT = 200mA 
1.2 
2.2 
V 


Output 
High Level (VoHI 
lOUT = -20mA 
13.0 
13.5 
V 


lOUT = -200mA 
12.0 
13.0 
V 


Collector 
Leakage 
Vc = 30V 
100 
500 
pA 


Rise/Fall Time 
CL = 1000pF 
30 
60 
nS 


Current 
Consumption 
'OUT = 0 
Z3 
mA 
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The functions 
listed below are pre-simulated 
"cells" 


which 
are available for use. These "cells' are made up 
from the uncommitted 
resources described 
on page 3. 


Comparators 


ELECTRICALCHARACTERISTICS(unless otherwise 
noted, Vcc = 1SY, -55°C < TJ < 150°C) 


DESIGN 
LIMITS 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


CMPl 
- 
Simple NPN Comparator 


Output 
low 
level 
lOUT ~ 1mA 
3.6 
4.1 
V 


Output 
High 
level 
'OUT = -lmA 
4.35 
4.7 
V 


Input 
Offset 
Voltage 
10 
mV 


Input 
Common 
Mode 
Range 
1 
4.1 
V 


TpHl 
20 
nS 


TplH 
20 
nS 


Voltage 
Gain 
28 
VIV 


Quiescent 
Current 
Consumption 
1 
mA 


CMP2 - 
Simple Ground 
Sensing PNP Input Comparator 


Output 
low 
level 
lOUT = 1mA 
3.6 
4.1 
V 


Output 
High 
level 
. 
lOUT = -lmA 
4.35 
4.7 
V 


Input 
Offset 
Voltage 
20 
mV 


Input 
Common 
Mode 
Range 
GND 
3.1 
V 


TpHl 
25 
nS 


TplH 
25 
nS 


Voltage 
Gain 
28 
VIV 


Quiescent 
Current 
Consumption 
1 
mA 


r---- 
I 
I 


, 


I 
I 


CMPI 
I 


I 
I 
L 
J 


r - - - - - - - - - - - - - 
I 
S.1V 
I 
I 
I 


t 1/4 
I 
,ICP41 
I 
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CMP2 
I 
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-' 


I 


, 
CMP4 
I 
L 
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DESIGN 
LIMITS 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


CMP3 - 
High Gain NPN Comparator 


Output 
Low Level 
lOUT = 1mA 
3.6 
4.1 
V 


Output 
High 
Level 
lOUT = -1mA 
4.35 
4.7 
V 


Input 
Offset 
Voltage 
20 
mV 


Input 
Common 
Mode 
Range 
1 
4.1 
V 


TPHL 
35 
nS 


TpLH 
35 
nS 


Voltage 
Gain 
700 
VIV 


Quiescent 
Current 
Consumption 
1 
mA 


CMP4 - 
Very High Gain NPN Comparator 


Output 
Low Level 
lOUT = 1mA 
3.6 
4.1 
V 


Output 
High 
Level 
lOUT = -1mA 
4.35 
4.7 
V 


Input 
Offset 
Voltage 
10 
mV 


Input 
Common 
Mode 
Range 
1 
4.1 
V 


TpHL 
500 
nS 


TpLH 
500 
nS 


Voltage 
Gain 
15,000 
VIV 


Quiescent 
Current 
Consumption 
1 
mA 


BU Fl - 
Voltage Follower (Buffer) 


Input 
Bias Current 
4 
pA 


Output 
Voltage 
Range 
lOUT < 1mA 
0 
4.1 
V 


Offset 
Voltage 
10 
mV 


Input 
Common 
Mode 
Range 
1 
4.1 
V 


Open 
Loop 
Voltage 
Gain 
1000 
VIV 


Slew Rate 
CL < 1pF 
2 
VipS 


Quiescent 
Current 
Consumption 
.375 
mA 


LSl - 
1.25V Level Shift 


Input 
Bias Current 
12 
pA 


VOUT - V1N 
1.1 
1.4 
V • 
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The 
FB3480 logic 
section 
is a pre-characterized 
library 
made 
up of high 
speed, 
high 
noise 
immunity 
Emitter 


Function 
logic 
(EFl) and 
Emitter 
Coupled 
logic 
(ECl) 
functions. 
This 
logic 
family 
uses uncommitted 
low 
voltage 
transistors 
and 
resistors 
which 
are available 
to 


be metallized 
(described 
on 
page 
3) to 
make 
up the 
logic 
functions 
below. 


This 
family 
features 
the 
ability 
to "wire 
or" 
the 
outputs 
as well 
as having 
a very 
flexible 
structure 
and 
fast 


propogation 
delay 
times. 
For more 
information 
on 


designing 
with 
EFl logic, 
please 
refer 
to the 
Application 


Hints 
on 
page 
12. 


Component Utilization 
Design Limits 


Ref II 
Description 
TNl 
TN4 
TN5 
TN6 
TN7 
DNl 
RBl 
tpD (n5) Icc (mA) 


Gl 
2-lnput 
2-0utput 
OR 
3 
1 
1 
1 
7 
.375 


G2 
2-lnput 
2-0utput 
AND 
1 
1 
2 
1 
1 
5 
.7 


G3 
2-lnput 
Complementary 
Output 
OR/NOR 
2 
2 
1 
2 
7 
.375 


G4 
2-lnput 
Complementary 
Output 
4 
2 
2 
2 
2 
7 
.7 
AND/NAND 


G5 
2-lnput 
NOR 
3 
1 
1 
1 
7 
.375 


G6 
2-lnput 
AND 
1 
1 
2 
1 
1 
5 
.7 


G7 
2-lnput 
OR 
3 
1 
1 
1 
7 
.375 


G8 
2-lnput 
NAND 
4 
1 
2 
1 
1 
7 
.7 


GT1 
EFLto TIL 
2-lnput 
OR Open 
Collector 
4 
1 
2 
2 
10 
.7 


GT2 
EFLto TIL 2-lnput 
OR Totem Pole 
5 
2 
3 
5 
13 
1.125 


Fl 
R-S Flip Flop 
2 
1 
1 
1 
1 
8 
.375 


F2 
Positive Edge Triggered D Flip Flop 
4 
2 
2 
3 
1 
10 
1.125 


F3 
Positive Edge Triggered T Flip Flop 
6 
5 
5 
3 
12 
1.875 


F4 
T Flip Flop with Preset 
8 
1 
6 
4 
12 
2.26 


~ 


Ql 
Gl 
B 
2 


~ 


Ql 
G2 
B 
2 


~ 


Q 
G3 
B 
Q 


~ 


Q 
G4 
B 
Q 
00 
o O 


Q 


F4 
C 
Q 


~- 


GTl 
-=- 
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The FB3480'score cell architecture 
is designed to 


simplify the task of designing a PWM controller 
for 


unique needs or specific tasks. Micro linear will design 
the IC for a nominal initial lot charge providing that the 
design uses the cells described in this datasheet. A 
specification for a customized FB3480controller 
requires the following 
elements: 


1. A block diagram describing the interconnection 
of 


the cells. This could also take the form of a modified 
block diagram from any of Micro linear's standard 
products (such as the ML4809 or ML4825). The block 
diagram should be drawn in terms of the cells 
described in this datasheet. 


2. Packaging requirements. The FB3480has 28 bondable 


pads. Industrial temperature 
range units can be 
packaged in 28 pin Plastic Leaded Chip Carrier 
(PLCC) Plastic DIP packages from 14 to 28 pins. 
Military temperature 
range units can be packaged in 


Ceramic DIP packages from 14 to 28 pins. 


3. Test specifications. 


4. Operating Temperature Range requirements. 


An accurate indication of circuit performance 
can be 


obtained 
by prototyping 
with one of Micro linear's 


standard products built from the FB3480(such as the 
ML4825 or ML4809) and using "off the shell" 
comparators and logic of similar performance to that 
specified in the FB3480datasheet. 


The FB3480's logic section is a collection 
of high 


frequency 
NPN transistors, current sink transistors, 


resistors and diodes which can be configured 
into a 


variety of high speed logic functions. The logic family 
used in the FB3480 is Emitter Function Logic (or EFL) 
which features speed, flexibility 
and simplicity. Since 


most of the logic is interconnected 
"on chip'; 
buffering 


to drive PC board layout capacitances is not needed, 
further 
minimizing 
the number of transistors which are 
used to accommplish the necessary logic. In addition, 
the output structure lends itself to accomplishing 
"wired-or" 
functions. 


The family's output voltage swings are between (VREF- 
VBE),logic 1, and (VREF- 2VBE),logic 0, where VREFis 
set to 5.1V internally. Input thresholds are called VBH 
and VBLand are set by the threshold 
generator shown 


below to (VREF- VBE/2)for a logic 1 and (VREF- 3 • 
VBEI2)for a logic O. 


In the example below, G1 is a full OR gate. When 
either input A or input B exceeds VBL(1.5 • VBEdown 
from the supply), Q1 is cut off, putting the base of Q4 
at VREF,which puts VREF- VBEon the output at the 
emitters of Q4. When both A and B are below VBu Q1 
conducts forcing the voltage on its collector 
to drop to 


(VREF- VBE)·This occurs since TN7 is set so that its 
current (375 pA) will cause a VBEdrop to occur in a 
2KO resistor. The output emitters of Q4 will be at VBASE 
- VB& or (VREF- 2VBE)· 


I 
I 
I 
":" 
Gl 
I 
L 
-.I 


G6 is an AND gate using a dual emitter input. When 
either emitter is allowed to go below VBL(VBH- VBE), 
TN1 conducts, which causes the output to go low. If 
both inputs are above VBu TN4's base sits at VREF, 
which makes TN4's output (VREF- VBE)' • 


I 
I 
I 
I 
I 
G6 
L 
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When multiple outputs are tied together, they function 
like an OR gate. Only one of the output emitters need 
to go "high" for the line to become true. This assumes 
that the node is loaded with one current sink. 


Comparator functions with combinational 
logic can also 


be easily constructed using this family. Note that G1 has 
a full differential input stage. By applying a voltage (V1) 
on the base of Q1, the output will be true when A or B 
exceed V1. A similar example using an AND function is 
shown below. 


With the FB3480,a power supply designer can select 
his own unique controller topology and features 
without 
the need for external components. This 


flexibility allows compact PC board layout, minimizing 
interference from induced RFI/EMI,and enhancing high 
frequency performance. 


Inverting or complementary outputs can be obtained 
easily from most simple logic functions simply by 
moving the load resistor and output transistor base 
connection 
to the opposite collector. 


I 
I 
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FB3490 General Purpose PWM Controller Array 


The FB3490 Power Supply Controller 
Array is 
optimized for use in Switch Mode Power Supply 
designs at frequencies up to 750 KHz. These "core 
cells" (Oscillator, Reference, Output 
Drivers) are 
optimized for high performance while retaining 
maximum flexibility. In addition, this array contains 
cells (or tiles) which can be used for logic, amplifiers, 
comparators and other special functions. 


With the FB3490,a power supply designer can select a 
unique controller 
topology and feature set without 
the 
need for external components. Design and layout of a 
unique controller 
is simplified through the use of 


many pre-defined and pre-simulated "soft macros" 
which can be made available for customer designs. 


This array is similar in performance to the UC1846 and 
was used to implement the ML4812 Power Factor 
Controller. Cells from these and future Micro Linear 
FB3490based standard products can be made available 
for customer designs. 


• Practical Operation 
at Switching 
Frequencies to 
750 KHz 
• Dual High Current 
(1A peak) Totem Pole Outputs 


• ±0.5% Trimmed Bandgap Reference 
• Multiple 
Error Amp systems possible 


• Extensive library of "soft macro" 
building 
block 


functions 
available for user design 
• 40V bipolar dual layer metal process 


• 
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FB3491 Resonant Mode Controller Array 


The FB3491is an application focused tile array 
intended for resonant mode power supply controller 
applications. This array, built on our 40 volt technology, 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section and the oscillator, are customized to 
obtain a higher level of performance for these critical 
circuit functions. 


The array has four high current (2A peak) output 
transistors to implement two high current, low cross 
conduction, 
totem pole type output drivers. The high 


current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFETdevices. 


High speed emitter function 
logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than SOnsfrom current sense 
to output shutdown can be achieved. An oscillator that 
is capable of operating up to 3MHz and a precision 
reference with an accuracy of ±1% and a temperature 
stability of 50 ppm/oC are examples of the level of 
performance that can be achieved. 


Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 


• Array Optimized 
for Resonant Mode 
Power Supply 
Control 
Circuits 


• High Current (2A) Output 
Transistors for Fast 
Output 
Drivers 


• Can Implement 
all the Circuit 
Blocks for a High 


Performance Resonant Mode Controller 
• 6 Analog Circuit 
Blocks and 40 Gate Complexity 


• 40 Volt, 400 MHz Technology 


NPN Transistors 


PNP Transistors 


Power NPN Transistors 


Schottky Transistors 


Total Diffused Resistance 


Total Implant Resistance 


Total MOS Capacitance 


Total Components 


Bond Pads 


Die Size (mils) 


315 


126 


4 


33 


570K 


2600K 


34pF 


1248 


30 


140 x 181 
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FB3492 Phase Modulation Controller Array 


The FB3492 is an application focused tile array 
intended for phase modulated 
power supply controller 


applications. This array, built on our 40 volt technology, 
consists of customized and general purpose groupings 
of components 
to implement 
the various power supply 


control 
circuit blocks. Certain areas, such as the power 


output section, the oscillator, and the voltage reference 
are customized to obtain a higher level of performance 
for these critical circuit functions. 


The array has eight high current (2A peak) output 
transistors to implement four high current, low cross 
conduction, 
totem pole type output drivers. The high 


current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFET devices. 


High speed emitter function 
logic circuits can be 
implemented 
to achieve fast current sense circuits. A 
propagation delay of less than SOnsfrom current sense 
to output shutdown 
can be achieved. An oscillator that 


is capable of operating up to 3MHz and a precision 
reference with an accuracy of ±1% and a temperature 
stability of 50 ppm/oC are examples of the level of 
performance that can be achieved. 


Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 


• Array Optimized 
for Phase Modulated 
Power 
Supply Control 
Circuits 


• High Current 
(2A) Output 
Transistors for Fast 
Output 
Drivers 


• Can Implement 
all the Circuit 
Blocks for a High 
Performance 
Phase Modulation 
Controller 


• 9 Analog Circuit 
Blocks and 60 Gate Complexity 


• 40 Volt, 400 MHz Technology 


NPN Transistors 


PNP Transistors 


Power NPN Transistors 


Schottky Transistors 


Total Diffused Resistance 


Total Implant Resistance 


Total MOS Capacitance 


Total Components 


Bond Pads 


Die Size (milsl 


323 


131 


8 


39 


S80K 


2S00K 


34pF 


1290 


29 


140 x 201 
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TQFP 


= Sidebrazed 
DI P 


= Leadless Chip Carrier 


= Ceramic 
DIP 


= Plastic Dip 


= Plastic Leaded Chip Carrier 


= Small Outline 


= Shrink Small outlline 
Package 


= Thin Quad 
Flat Pack 
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Quality and Reliability 


Micro Linear is dedicated to excellence in its people and products. By adopting a policy of continuous 
improvement, we pledge to provide defect free products and serviceswhich meet or exceed our 
customers' expectation. 


Total Quality Management 


At Micro Linear we are committed 
to total quality 
management by building quality into every step of the 
manufacturing 
process from design to product 
qualification; 
from receiving to shipping. The Total 


Quality Management program at Micro Linear 
Corporation 
is a detailed program involving engineering 
and manufacturing 
and is designed to produce the 
highest quality linear integrated circuits available. 


Wafer Inspection 


Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors 
in accordance with MIL-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability 
hazards are investigated and 


detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 


Assembly Inspection 


Comprehensive 
receiving inspection for all materials 
and piece-parts is performed 
in accordance with the 
strictest quality assurance procedures. To assure 
conformance 
and control to specifications, 
documented 
quality control 
checks and monitors are 
performed on-line. 


Testing 


Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough 
parametric testing of integrated circuits in 


the industry. Data sheets provide the customer a 
precise listing of parameters which are 100% tested. 
The calibration system is in compliance with 
MIL-STD-45662. 


Traceability 


All units are marked with unique lot numbers. These 
lot numbers provide complete traceability all the way 
to wafer fab as well as assembly and test. 


Micro Linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. 


ESD (Electro Static Discharge) 


Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through 
manufacturing, 
incorporates training of 
all employees who handle Micro Linear products. 


Major Change Control 


Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re- 
qualification 
which may include electrical, mechanical, 


and/or thermal characterization. 
If applicable, reliability 
requalification 
is performed. 


Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed 
prior to shipment. 


Inspection records and reports concerning 
monitors 
and inspection data are used to status the quality level 
of products through the final test operations. Statistical 
sampling plans insure the quality of the product. 


Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-I-45208 for military programs. 


Failure Analysisand Reporting of 
Customer Returns 


A formal program exists to record, analyze, and take 
appropriate corrective action on all returns. A 
Corrective Action Committee 
reviews all discrepancies 
and assigns responsibility to implement 
solutions or 
improvements on a weekly basis. A report is generated 
and sent to the customer stating our findings and 
corrective action. 
• 
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All records providing 
product traceability are 
maintained in accordance with MIL-M-38510. All 
company documents for procedures, specifications, 
drawings, travelers, flow charts, schematics, etc. that 
define customer requirements, raw material 
requirements, design, manufacture, and testing of 
products are controlled 
by a Document Control 


organization within the Micro Linear's Quality 
Assurance group. 


Critical manufacturing areas are audited by a quality 
inspector at specified intervals. The audit verifies 
adequacy of operator training, correct revisions, the 
procedures, proper data entry, and record maintenance. 
In addition, weekly audits include an ESD program, 
particle count, calibration, and document 
control 


programs. 


Supplier 
Control 


Control of the quality of the incoming 
material is 


critical to the success of Micro Linear. Under the TQM 
philosophy, Micro Linear has an audit program of its 
suppliers of Class 1 material defined by those directly 
associated with the final products. Such audit is carried 
out on a defined frequency and performed 
by both 


manufacturing 
and quality personnel. Information 


gathered from the audit is reviewed with the supplier 
to incorporate 
programs to improve the quality of the 
material provided to Micro Linear. 


Quality 
Indices Report 


Various quality data are collected each month and 
summarized in a report presented to management for a 
review. This Quality Indices Report contains such 
information 
as process capability indices from wafer fab 


processing and assembly, on-going reliability data by 
process types and ppm data from in-line electrical 
testing as well as the AOQ data. 


Reliability Program 


Micro Linear's Reliability Program consistent with those 
of other semiconductor 
manufacturers utilizes various 


accelerated life tests as tools for establishing reliability 
status and progress. These tests are undertaken to 
identify infant mortality and wearout failure mechanisms 
for specific or generically similar device families. 


Micro Linear's Reliability program has three 
components: Qualification, 
Quality Conformance 
and 


Reliability Audit. Each design/process technology 
set, 


each wafer fabrication facility, and each assembly 
location by package type is initially qualified. Periodic 
re-evaluation (Quality Conformance Testing) is 
performed, thereafter, to evaluate the on-going 
reliability of products and processes. In addition, Micro 
Linear has the third component, 
Reliability Audit named 


ACT (Advance Conformance Testing) to ensure the 
reliability of products shipped to customers. ACT 
defines auditing of samples from each process and wafer 
fab facility and subjecting them to an accelerated life 
testing. Plan for each program is illustrated in Figures 1 
through 3 and detailed in Tables 1 through 4. 


Micro Linear's product reliabilty is monitored 
closely 


and we have an extensive reliability data base for both 
hermetic and molded devices. This data is published on 
a quarterly basis. 
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Stress 1lest 
Method 
Condition 
Quantity 


Life Test 
1005 
1000 hrs 
77 


@ 125°C 


HAST 
50 hrs @ 
45 


130/85% 
R.H. 


ESD 
3015 
3 


Stress/Test 
Method 
Condition 
Quantity 


Life Test 
1005 
1000 hrs @ 
77 


1250C 


HAST 
50 hrs @ 
45 


130185% R.H. 


Autoclave" 
QAP36004 
168 hrs @ 
45 


121OC, 15 psi 


Temperature 
1010 
1000 eye. @ 
45 


Cycle 
-55 to +125OC 


Thermal 
Shock" 
1011 
200 eye. @ 
45 


-55 to +125OC 


High Temp 
QAP36005 
1000 hrs. @ 
45 


Storage 
1500C 


Physical 
2016 
15 
Dimensions 


Solderability 
2003 
22 leads 
3 


Resistance 
to 
QAP36002 
260OC, 10 see 
32 


Solder 
Heat 


Resistance 
to 
2015 
4 


Solvents 


External 
Visual 
QAP34001 
15 
Inspection 


Lead Integrity 
2004 
3 


Stress/Test 
Method 
Condition 
Quantity 


Life Test 
1005 
1000 hrs 
77 


@ 125°C 


HAST 
50 hrs @ 
45 


130/85% 
R.H. 


Autoclave 
QAP36004 
168 hrs @ 
45 


121°C, 15 psi 


Temperature 
1010 
1000 eye. @ 
45 


Cycle 
55 to +125'<: 


Thermal 
Shock 
1011 
200 eye. @ 
45 


55 to +125'<: 


High Temp 
QAP36005 
1000 hrs. @ 
45 


Storage 
150°C 


Stress/Test 
Method 
Condition 
Quantity 


Life Test 
1005 
48 hrs @ 
125 


125'<: 
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Process Control/Quality 
Conformance 


Reliability evaluations provide a snapshot of the product 
at a particular point in time. Process control 
is 
necessary to insure the picture obtained is accurate. 
Process control 
provides consistency and hence, 
predictability. 


Defect-free material is a pre-requisite to shipping cost- 
effective products which conform 
to specified 
requirements. The system for doing this is shown in 
Figure 4. The focal point to this system is the Vendor 
Qualification 
Board comprised of representatives from 


Manufacturing 
Engineering, Quality, Reliability, and 


Purchasing. In addition, a Corrective Action Committee 
with representatives from the above disciplines meets 
weekly to evaluate all discrepant material reports. These 
reports are the result of any non-conformance 
both 


internal and external (vendors) to Micro Linear. 


Because of the extreme sensitivity of wafer fabrication 
on product 
reliability, special care is taken to evaluate 
wafer process control. This is shown in Figure 5. 


Wafer 
Fab Process Control 


FRONT-END 
PROCESS 


• 
Initial Oxidation Thickness 


• 
Buried Layer Mask CD 


• 
Buried Layer Resistivity 


• 
Epi Resistivity and Thickness 


• 
Epi Oxidation 
Thickness 


• 
Iso Mask CD 


• 
Iso Diffusion Resistivity 


• 
Iso Oxide Thickness 


• 
Base Mask CD 


• 
Implant Oxide Thickness 


• 
Base Resistivity 


• 
Base Oxide Thickness 


• 
Implant Mask CD 


• 
Emitter Mask CD 


• 
Emitter Resistivity 


• 
Emitter Oxide Thickness 


• 
Cap Mask CD 


• 
Cap Oxide Thickness 


• 
Emitter Oxide Thickness 


• 
Field Oxide Thickness 


• 
Contact Mast CD 


• 
Metal Thickness 
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BACK-END PROCESS 


• 
Dielectric Oxide Thickness 


• 
Metal Thickness 


• 
Passivation Thickness 


• 
Defect Inspection 


• 
SEM Inspection 


ADDITIONAL CHECKS IN DIFFUSION 


• 
CV Plots of Oxide and Drive Tubes 


• 
Etch Rate Monitors 


• 
Temperature 
Profiling 


• 
Quartzware Cleaning 


• 
Particle Counts in Tubes 


MASKING 


• 
Photoresist Thickness 


• 
Incoming Mask CD Measurement 


• 
Etch Rate Control 


• 
Exposure Intensity 


• 
Hard Bake Temperature 


• 
Resist Pinhole Check 


• 
Exposure Monitor 


• 
CD Monitor 


Assembly Process Control 


• 
DI Water Resistivity 


• 
Wafer Saw/Wash Monitor 


• 
2nd Optical Inspection 


• 
Die Shear Monitor 


• 
Bond Wire Pull Monitor 


• 
Ball Bond Shear Monitor 


• 
3rd Optical Inspection 


• 
Mold Temperature 


• 
Deflash Inspection 


• 
Solderability Test 


• 
Plating Thickness/Composition 


• 
Marking Permanency 


• 
Coplanarity Inspection 


• 
Final Visual Inspection 


• 
Air Monitors 
(temperature, humidity, 
particle) 


III 


'Micro 
Linear 


~ 
PURCHASING 
PROCEDURE 
~ 
/-"~ 


MATERIAL 
SPECIFICATION 
- 
SAMPLE 
PLAN 


- 
REQUIREMENTS 


APPROVED 
VENDOR 


LIST 


RfUMNG 
INSPECTION 
PROCEDURE 
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ENGINEERING 


QUALITY 


VISUAL 
INSPEGION- 


MEAS0~~ENTS 
- 


SEM 
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__ 
RECEIVING 
INSPEGION 


MATERIAL 
EVALUATION 


__ 
RElIABILITY 
EVALUATION 


VENDOR 


QUALIFICATION 


BOARD 


APPROVAL 


ElEGRICAl 
MEASUREMENTS 


Mll-STD-414 


(SAMPLING 
BY VARIABLES) 


II 
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MATERIAL 
REVIEW 
BOARD 


PURCHASING 
PRODUGION 
CONTROl 
MANUFAQURING 
ENG 
QUALITY 


PURCHASING 
PRODUGION 
CONTROl 


MANUFAQURING 
ENG 


PRODUG 
ENGINEERING 
REliABILITY 
QUALITY 
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D 
o PRODUCTION 
O 


QUALITY 
INSPECTION/ 
MONITOR 
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D 
O 


QUALITY 
INSPECTION! 
MONITOR 


o PRODUCTION 
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In order to predict 
the rate at which 
product 
will fail, it 
is necessary to accelerate the life of the product. 
This is 
most commonly 
done by a temperature 
and/or 
voltage 


stress, a process known 
as burn-in. 
The equation 
for 


both stresses is exponential, 
hence large acceleration 


factors can be achieved. 
In our studies, only 


temperature 
was used in the acceleration 
equation; 
the 
devices were biased at nominal 
voltages. The equation 


is shown 
below. It is known 
as the Arrhenius 
Reaction 


Rate Equation, named for the man who 
modeled 
the 
relationship 
between 
temperature 
and the chemical 


reaction 
property 
of materials. 


Af = Exp [Ea (~- ~)l 
K 
T1 
12 


Af: Acceleration 
Factor 


Ea: Activation 
Energy (in electron 
volts) 


K: Boltzmanns 
Constant (8.62 x 10-5) 
T1: Temperature 
of System Operation 
(OK) 


12: Temperature 
of Life Test (OK) 


Burn-in when 
run for 1000 hours, is called "life test". 
Interim 
readouts 
normally 
occur 
at 168 and 500 hours. 


The hypothesis 
is that a "bathtub 
curve" 
will 
result. This 


curve, shown 
below, illustrates a device's failure 
rate 


versus time. Certain 
manufacturing 
defects have a 


tendency 
to cause failures early in the life of a device 


(infant mortality). 
The failure 
rate associated with these 


defects can be accelerated 
by applyi ng stresses, such as 
temperature 
and voltage, which 
do not appreciably 


affect the normal 
failure 
rates or wear out mechanisms. 


WEAROUT_ 


CONSTANT FAILURE RATE 
~ 


Activation 
Energies 


In order to calculate the acceleration 
factor, the 


activation 
energies for various failure 
modes 


encountered 
in the semiconductor 
industry 
are 


required. 
Initially, failure 
modes are assumed based on 


industry 
experience. 
As failures occur, they are 
rigorously 
analyzed and the failure 
modes then used to 


determine 
which 
activation 
energies are appropriate 
for 
determining 
failure 
rates. The following 
table describes 


the most common 
failure 
modes and their activation 


energies. 


FailureMechanism 
Ea 
Stress 


Oxide Defects 
0.3 eV 
High Voltage Op life 


Contamination 
1.0 eV 
High Voltage Bias 


Silicon Defects 
0.5 eV 
High Voltage 


Metal Line 
0.5 eV 
High Voltage Op Life 


Electromigration 


Contact 
0.9 eV 
High Voltage Op life 


Electromigration 


Masking Defects 
0.5 eV 
Hi Temp. Storage 


Assembly Defects 
Op life 


Microcracks 
N/A 
Temperature Cycling 


Short Channel 
-.06 eV 
low Voltage 


Charge Trapping 
Hi Vol Op life 


Once the activating 
energy is determined 
for a given 


failure 
mechanism, 
the acceleration 
factor can be 


calculated 
using the Arrhenius 
equation. 
The following 


table lists some of the common 
activation 
engergies 


and its associated acceleration 
factors between 
different 


ambient 
temperature. 
• 
Est.TJ 
EstimatedTJ, 
Activation 
Accelerated 
"JYpicaIApplication1emperatures 
Energy 


1emperature 
25°C 
40°C 
55°C 
70°C 
(eV) 


125°C 
132 
52 
22 
10 
0.5 
150°C 
313 
123 
53 
24 


125°C 
1522 
376 
106 
33 
0.75 
150°C 
5530 
1367 
384 
121 


125°C 
6587 
1231 
268 
67 
0.9 
150°C 
30994 
5793 
1262 
314 
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At Micro 
Linear, failure rate are generally stated at 60% 
confidence 
level using Chi square statistic per the 


following 
formula. 


X,2_a [with df = 2(r + 1)] 


Amax 
= --------- 


2t 


where: 


ilmax 
= maximum 
failure 
rate 


X2 
= chi square distribution 


r 
= number 
of failures 
df 
= degree of freedom 


t 
= total number 
of test hours 


a 
= statistical error expected 
in estimate. 


For 60% confidence 
level, a = 0.4 or 1-a = 0.6 


Selected values of Chi Square distribution 
are listed in 


Table 3. 


Table 3. Percentiles of the Chi Square Distribution. 


(Valuesof chi2 corresponding to certain selected probabilities) 


60% 
Confidence 
90% 
Confidence 


level 
level 


Probability 
in % 
60.0 
90.0 


1 - a 
0.60 
0.90 


df 
lOtal Failures 


1 
0.708 
2.71 


2 
0 
1.830 
4.61 


3 
:' 
2.950 
6.25 


4 
1 
4.040 
Z78 


5 
5.130 
9.24 


6 
2 
6.210 
10.60 


7 
Z280 
12.00 


8 
3 
8.350 
13.40 


9 
9.410 
14.70 


10 
4 
10.500 
16.00 


11 
11.500 
I 
lZ30 


12 
5 
12.600 
18.50 


13 
13.600 
19.80 


14 
6 
14.700 
21.10 


15 
15.700 
22.30 


16 
7 
16.800 
23.50 


17 
lZ800 
24.80 


18 
8 
18.900 
26.00 


19 
19.900 
2Z20 


20 
9 
21.000 
28.40 


Failure rate may be expressed a number 
of ways. Table 


4 compares 
various ways of expressing failure 
rates. 


NO. OF FAILURES 
% PER 
PPM 
MTBF 
PER DEVICE HOURS 
FAilURE RATE 
1000 
HOURS 
(HOURS) 
FITS 
(HOURS) 


1/1 
x 10' 
0.000000001 
0.0001 
0.001 
1 
1 x 10' 


1/1 
x 10. 
0.0סס OO001 
0.001 
0.01 
10 
1 x 10. 


1/1 
X 10' 
0.0000001 
0.01 
0.1 
100 
1 x 10' 


1/1 
x 10. 
0.000001 
0.1 
1 
1000 
1 x 10. 


1/1 
x 105 
0.00001 
1 
10 
10000 
1 x 105 


1/1 
X 10' 
0.0001 
10 
100 
100000 
1 
X 10' 


1/1 
x 103 
0.001 
100 
1000 
1000000 
1 x 103 
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Quality and Reliability 


The Micro 
Linear 12V bipolar process has demonstrated 


selective hardness to radiation exposure. The 
components 
most commonly 
used in the 12V process 


which are described in table 1, were exposed up to 


106 Rads total dose ionizing radiation. A second group 
of the same components were exposed to non-ionizing 
radiation of up to 1014 fluence neutrons/sq 
cm. Neither 
group was exposed to both types of radiation. 


, 


BIAS 
POST 
DURING 
IRRADIATION 
DESCRIPTION 
IRRADIATION 
MEASUREMENTS 
FIGURES 


Minimum 
Geometry NPN 
VCES= +5V 
~hfe 
1, 4 


Lateral Quad Collector 
PNP 
VCES= -5V 
~hfe 
2,5 


Vertical PNP 
VCES= -5V 
tihfe 
3,6 


450 N+ Resistor 
No bias 
~R 
3,6 


8500 P+ Resistor 
No bias 
~R 
3,6 


10KO Implanted P Resistor 
No bias 
~R 
3,6 


10pF Capacitor 
.' 
No bias 
~IL 
3, 6 


Figures 1 through 
3 show the results of the ionizing 
radiation tests. Figures 4 through 
6 show the results of 


the non-ionizing 
radiation tests. 


• 
The 
resistors 
and capacitors 
were 
not significantly 
altered 
by 


exposure 
to these 
radiation 
levels. 
They 
are 
not 
included 
in the 


figures. 


--lce:lmA 
____ 
Ice", 
lOOjJA 


_____ 
Ice", 
1OIJA 


__ 
tce",lJJA 


Summary 


The hfe of the NPN transistors degrade by 
approximately 
50% at 105 Rads and 80% at 106 Rads. 


The PNPs degrade more severely by afProximately 
80% at 105 Rads and reach unity at 10 
Rads. 


Degradation 
vs. neutron 
fluence 
is similar but less 
severe. 


Micro 
Linear circuits, exclusively 
using NPN devices 


and passive components, 
can be designed to perform 


in a high radiation environment. 


so 
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20 


0 
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Fluence Neutrons/sq 
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Figure 30 
Figure 40 


General 
Purpose NPN Transistor 
Substrate 
PNP Transistor 


40 
80 


30 
Ice", 
10IJA 
60 


~ 
~ 
40 
Ice = 10~A- 


" 


20 
" 
Ice= 1~A-. 


'0 
20 


0 
0 


1011 
1012 
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1014 
10 11 
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1013 
1014 


Fluence Neutrons/sq 
em 
Fluence Neutrons/sq 
em 


Figure 50 
Figure 60 
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Military Product Flow 


A specification 
to establish 
the general 
test methods 
and 
procedures 
for purchase 
of integrated 
circuits 


to military 
quality 
and 
reliability 
assurance 
requirements. 


Micro Linear is committed 
to supplying the military 
marketplace with service, as well as, quality and 
reliable components second to none. The Micro Linear 
/M8 program is designed to provide off-the-shelf high 
integration 
linear integrated circuits with extended 


screening and testing utilizing the methods of MIL- 
STD-883C, Class B as its reference documentation. 


The Quality and Reliability Assurance program at Micro 
Linear Corporation 
is a wide ranging program involving 
engineering and manufacturing 
designed to produce 
the highest quality linear integrated circuits available. 


Wafer 
Inspection 


Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors 
in accordance with MIL-STD-414 (sampling by 


variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 


Assembly 
Inspection 


Comprehensive 
receiving inspection for all materials 
and piece-parts is performed 
in accordance with the 
strictest quality assurance procedures. To assure 
conformance 
and control to specifications, 


documented 
quality control 
checks and monitors are 
performed 
on-line. 


Testing 


Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough 
parametric testing of integrated circuits in 


the industry. Data sheets provide the customer a 
precise listing of parameters which are 100%tested. 
The calibration system is in compliance with 
MIL-STD-45662. 


Traceability 


For complete traceability to the wafer fab and 
assembly lot, a mark is placed on all units giving 
information 
on a unit-by-unit 
basis. 


Micro 
Linear considers traceability to be essential for 


good engineering control and additional insurance for 
its customers. The information 
provided exceeds the 
seal week control 
required by MIL-M-38510. 


ESD 
(Electro 
Static 
Discharge) 


Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through 
manufacturing, 
incorporates training of 


all employees who handle Micro 
Linear products. 


Major 
Change 
Control 


Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re- 
qualification, 
which may include electrical, mechanical, 


and/or thermal characterization. 
Reliability 


requalification 
is performed 
if applicable. 


Quality 
Assurance 


Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspection records and reports concerning 
monitors 


and inspection data are utilized to status the quality 
level of products going through final test operations. 
Statistical sampling plans ensure the quality of the 
product. 
. 


Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-I-45208 for military programs. 


Failure 
Analysis and 
Reporting 
of 
Customer 
Returns 


A formal program exists to record, analyze and take 
appropriate 
corrective action on all returns. A 
Corrective Action Committee 
reviews on a weekly 


basis all discrepancies and assigns responsibility to 
implement 
solutions or improvements. A report is 
generated and sent to the customer stating our 
findings and action. 
• 
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outlined 
below 
utilizes 
the 
methods 
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Class 
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documentation. 
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and 
accomodate 
custom 
flows 
to 
meet 
design 
or 
other 


mandatory 
requirements. 


OPERATION 
CONDITION 


1 
100% Internal 
Visual 
Method 
2010, Condition 
B 


2 
100% Temperature 
Cycling 
Method 
1010, Condition 
C 


3 
100% Constant 
Acceleration, 
Method 
2001, Condition 
E 
Y1 Orientation 
Only 


4 
100% Seal Fine Leak 
Method 
1014, Condition 
A 


5 
100% Seal Gross 
Leak 
Method 
1014, Condition 
C 


6 
100% Pre Burn-In 
Electrical, 
25°C 
Data Sheet, 
100% Noted 
Parameters 


7 
100% Burn-In, 
160 Hrs at 125°C 
Method 
1015 


8 
100% Post Burn-In 
Electrical, 
25°C 
Data Sheet, 
Parameters 
Noted 
100% Tested 


9 
Percent 
Defective 
Allowable 
Calculation 
PDA 
8 5% 


10 
100% Final Electrical 
Test, 
Data Sheet 
Parameters 
Noted 
100% Tested 
-55°C 
and +125°C 


11 
QA Sample 
116/0 Electrical 
Test, 
Group 
A, Subgroups 
1, 2, 3, 4, 5, 6, 7; 8, 9, 10, 11 


-55°C, 
+25°C, and +125°C 
Data Sheet 
Parameters 
Noted 
100% Tested 


12 
Quality 
Conformance 
Inspection 
Method 
5005.11 Group 
B 
Test Sample 
Selection 


A 
Resistance 
to Solvents 
Method 
2015 


B 
Solderability, 
Soldering 
Temperature 
Method 
2022 or 2003 


of 245 ± 5°C 
,. 


C 
Bond 
Strength, 
Ultrasonic 
Method 
2011, Condition 
C or D 


13 
Sample 
LTPD = 2, C = 1 Seal Fine Leak 
Method 
1014, Condition 
A 


14 
Sample 
LTPD = 2, C = 1 Seal Gross 
Leak 
Method 
1014, Condition 
C 


15 
100% External 
Visual 
Method 
2009 


SHIP 
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/ M8 Manufacturing Flow 


Screening to the IM8 flow is part of the manufacturing 
flow shown below. The numbered steps correspond to 
the operations of the IM8 product screening flow. 


Preform 
Base/Pkg 


~Z 


AI. Wire 
"'VZ 


Lid/Cap 
"'VZ 


~ 
incoming material 


~ 
production 


production 
or 
quality monitors 


Receiving 
Inspection 


~ 


Receiving 
Inspection 
....,.. 


Receiving 
Inspection 
....,.. 


Appropriate 
FAB 
Specification 


~ 
Receiving Inspection 


~ 
Wafer Sort 


"""'7 
Wafer Saw 


"""'7 
Second Optical Inspection 


~ 
Second Optical Q.C. 


"""'7 
Frame Attach (CERDIP only) 


S~AttaCh 


Die Shear Monitor 


""'i:/ 
Third Optical Inspection 


~ 
Third Optical Q.C. 


S:;::7 
Seal 


~Mark 


~ 
Stabilization 
Bake 


~ 
Temperature 
Cycling 


Ultrasonic 
Aluminum 
2 units/Machine 
3 grams Minimum 


II 
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""'V7 
incoming material 


""'V7 
production 


production 
or 


quality monitors 


OPERATION 


~ 
Marking 
Permanency 


""'V7 
Lead'Ihm 


""'V7 
Visual Inspection 


~ 
Quality Monitor 


""'V7 
Pack and Ship 


~ 
Receiving 
Inspection 


""'Y 
Electrical 
Test 


""i7 
Burn-in 


""'Y 
Electrical 
Test 


""'Y 
PDA Calculation 


""9 
Electrical 
Test, 


Min. and Max. Temperature 


~ 
Q.A. Sample 


~ 
Quality Conformance 
Inspection 


~ 
Q.A. Fine Leak Sample 


~ 
Q.A. Gross Leak Sample 


~ 
External 
Visual 


""'V7 
Finished 
Goods 


~ 
Shipping 
Inspection 


""'V7 
SHIP 
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Micro Linear 
prefix or for second 
source devices 


prefix is the same as original source 


Four digit product part number 


Number or letter indicates 
electrical 
grade of part 


Temperature 
range (Example: "M" - 
55°C to +125°C) 


Package 
type (Example: "J" Hermetic Ceramic DIP) 


Indicates 
1MB processing 


Four digit date code 


Note 
2: 
Country of origin may be United States, Korea, Hong Kong or Thailand . 
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/ M8 Product Qua6fication 


Generic data can be provided for the following 
qualification 
conditions 
or methods. 


Actual qualification 
on a given lot can be performed 
on 
a customer lot basis. Contact your Micro Linear sales 
representative for any additional 
price adder and 


delivery information. 


Quantity/Accept No. 


LTPD 5 
1. Steady-State Life (Burn-In 


Circuit Available Upon 
Request) 


End Point Life 
Test Electricals 25°C 


Method 
1005 
1000 Hr at 125°C or equivalent 


Data Sheet, 
100% Noted Parameters 


2. a. Lead Integrity 


b. Seal 
Fine 
Gross 


Method 
2004 


Method 
1014 
Condition 
A 
Condition 
C 


Method 
1011 
Test Condition 
B 
15 Cycles 


Method 
1010 
Test Condition 
C 
100 Cycles 


Method 
1004 


Method 
1014 
Condition 
A 
Condition 
C 


Method 
1004 
Method 
1010 


Data Sheet 
100% Noted Parameters 


d. Seal 
Fine 
Gross 


e. Visual Examination 


f. 
End Point 
Electricals 25°C 


b. Vibration, 
Variable 
Frequency 


c. Constant Acceleration 


Method 
2002 
Condition 
B 


Method 
2007 
Condition 
A 
II 


Method 
2001 
Condition 
E 
Y1 Orientation 


d. Seal 
Fine 
Gross 


e. Visual Examination 


Method 
1014 
Condition 
A 
Condition 
C 


Data Sheet 
100% Note Parameters 
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Clean Room and Work Station Requirements, 
Controlled 
Environment. 


Sampling Procedures and Tables for Inspection 
by 
Variables for Percent Defective. 


Parameter to be Controlled 
for the Specification 
of 
Microcircuits. 


ML2111BMj/M8 
-T-T 
SCREENING 


~ 
STANDARD PRODUCT PARTNUMBER 


AII/M8 product are shipped with acertificate of conformance. Information with regard to non-standard electrical testing or 
preconditioning, 
and wafer traceability 
may be obtained 
by contacting 
your Micro 
Linear sales representative. 
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Application 
Notes 


Section 10 


Application 
Note 1 
- 
FB3600 Digital Logic Design 
. 


Application 
Note 2 
- 
Trimming Analog Bipolar Arrays 
. 


Application 
Note 3 
- 
Design Techniques for Low Input Bias Current 
. 


Application 
Note 4 
- 
High Frequency Filter Design Using the ML2111 
. 


Application 
Note 5 
- 
ML2200, 
ML2208 
Software Driver 
. 


Application 
Note 6 
- 
Fiberoptics 
. 


Application 
Note 7 
- 
Expanding the ML2200 
Input Multiplexer 
. 


Application 
Note 8 
- 
Micro 
Linear's One Pin Crystal Ocillators 
. 


Application 
Note 10- 
An Improved Method of Load Fault Detection 
. 


Application 
Note 11 - 
Power Factor Enhancement Circuit 
. 


Application 
Note 12 - 
Generating 
Phase Controlled 
Sinewaves with ML2036 
. 


Application 
Note 13 - 
Designing with 1OBASE-TTransceivers 
. 


Application 
Note 14 - 
Generating 
Fixed Frequency Sinewaves with ML2035 
. 


Application 
Note 15 - 
Designing an IEEE802.3 FOIRL Transceiver 
. 


Application 
Note 16 - 
Theory & Application 
of the ML4821 
. 


Application 
Note 19 - 
Phase Modulated 
PWM Topology with the ML4818 
. 


Application 
Brief 1 
- 
How to Set the Sensitivity of the ML4621, 
ML4622, 
ML4624 
. 


Application 
Brief 2 
- 
ML4632 Verses a Voltage Driven Output 
. 


10-1 


10-8 


10-11 


10-13 


10-33 


10-37 


10-47 


10-52 


10-75 


10-77 


10-79 


10-81 


10-84 


10-86 


10-102 


10-120 


10-135 


10-137 
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Micro 
Linear's 
Bipolar 
ASIC Technology 
allows 
the 
mixture 
of both 
analog 
and digital 
circuitry 
on an integrated 


circuit. 
Micro 
Linear 
has combined 
the advantages 
of TIl, 
and 
ECl logic 
on our 
FB3600 family 
of bipolar 
tile arrays. 
Our 
+S volt 
version 
of ECl can interface 
to the 
outside 
world 
at standard 
TIl, 
CMOS 
or 10K Eel 
levels. 
It 


requires 
the 
use of only 
a standard 
+5 volt 
power 
supply. 


On-chip, 
gate propagation 
delay 
times 
as low as 2 
nanoseconds 
are possible. 
High 
density 
ECl digital 


components 
occupy 
fifty 
percent 
of Micro 
Linear's 
FB3635 


tile 
array. In addition, 
a certain 
amount 
of digital 
logic 
can 


be implemented 
on all of the 
FB3600 tile arrays. 


Traditionally, 
10K ECl logic 
uses -5.2 volts supply. 
This 
additional 
supply 
is only 
needed 
for applications 
requiring 


an external 
ECl logic 
interface. 
Our 
FB3635 and 
FB3621 


tile arrays contain 
schottky 
components. 
These 


components 
are often 
useful 
for 
implementing 
high 
speed 


TIl 
& CMOS 
output 
drivers. 
On-chip 
ECl logic 
requires 
a voltage 
reference 
which 
changes 
over 
temperature. 
Normally, 
on-chip 
voltage 
references 
are designed 
to be 
stable 
over 
variations 
in temperature. 
The schematic 
diagram 
for 
this circuit 
has been 
provided. 


This application 
note 
has been 
designed 
to aid a design 


engineer 
using 
a workstation 
with 
Micro 
Linear's 
analog 
ASIC design 
libraries. 
The circuits 
provide 
basic building 


blocks 
which 
can be integrated 
on our 
FB3600 family 
of 


tile 
arrays. The circuitry 
and discussion 
provided 
in this 


application 
note 
provide 
a starting 
point 
for the design 


engineer's 
own 
workstation 
circuit 
design 
and simulations. 


Two Input Eel NOR 
Gate 


One 
of the major 
advantages 
of ECl 
logic 
is that 
the 


transistors 
never 
saturate. 
This plus the small signal swings 
reduce 
the 
propagation 
delay 
time 
through 
the gate. The 
propagation 
delay 
can be adjusted 
by changing 
the 
current 
level 
used by the circuit. 
The gate propagation 


delay 
decreases 
as the operating 
current 
level increases. 


The ECl 
NOR 
gate, shown 
in figure 
1, is designed 
for 


conventional 
+5 volt 
power 
supply 
operation. 
VCS is a 


preset 
bias voltage 
of 1.35 volts. This develops 
a voltage 


drop 
of 750mV across R2. The two 
Eel 
inputs 
(Input 
A & 
Input 
B) have a logic 
high 
(true) 
value 
of 4.25 volts and a 


logic 
low 
(false) value 
of 3.50 volts. VBB1 is a preset 
bias 


voltage 
which 
is about 
half way between 
the logic 
high 


and 
logic 
low voltages. 


Micro 
Linear's 
single +5V operation 
is different 
from 


traditional 
10K ECl 
logic which 
uses a single 
-5.2 volt 


supply. 
This establishes 
the 10K ECl 
logic 
high 
level 
in 


between 
-.810 and -.960 volts and a logic 
low 
level 
is in 


between 
-1.650 and -1.850 volts. 


The NOR 
gate operates 
on the current 
flow 
from 
Q4. All 


the current 
from 
Q4 will 
be steered 
through 
either 
the 
Q3 leg or the QlIQ2 
leg of the circuit. 
If either 
Input 
A 


Application Note 1 
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or 
Input 
B logic 
voltage 
is high, 
all the 
current 
will 
flow 


up 
the 
QlIQ2 
leg 
of 
the 
circuit. 
This 
occurs 
because 


either 
or 
both 
transistors 
(Q1, Q2) 
have 
an input 
voltage 


which 
is above 
Q3 input 
voltage. 
Current 
flowing 
up the 


QlIQ2 
leg 
will 
cause 
a 
750mV 
voltage 
drop 
to 
occur 
across 
R1 
(same 
resistance 
as 
R2). 
This 
also 
results 
in 
Output 
Y being 
set at 5 volts 
minus 
750mV 
minus 
750mV 


(Q5 
base to 
emitter 
voltage 
drop). 
Thus, 
Output 
Y is set 
at a logic 
low 
level (3.05 volts). 


Both 
inputs 
need 
to be logic 
low 
for 
Output 
Y to 
have a 


logic 
high 
result 
(4.4 volts). 
In this 
case, the 
voltages 
on 


both 
Q1 
and 
Q2 
bases are 
less than 
the 
voltage 
on 
the 


base of 
Q3. 
This 
will 
cause 
all 
the 
current 
from 
Q4 
to 


flow 
up the 
Q3 leg. The 
base of Q5 will 
be about 
5 volts 


since the voltage 
drop 
across R1 is close to zero. 


It is important 
to note 
that 
R1 always 
equals 
R2 and 
that 


the voltage 
drops 
(typically 
750mV) 
across the 
base emitter 
will 
change 
with 
temperature. 
Since 
all the 
transistors 
on 
• 
this 
IC are about 
the same temperature, 
they 
and the 
ECl 
..,. 
voltage 
references 
will 
all track 
together 
with 
temperature. 


Thus 
the 
ECl 
logic 
works 
well 
over 
variations 
in 
temperature. 
The 
absolute 
values 
of 
the 
voltages 
stated 


above 
will 
change 
slightly 
with 
temperature. 
The values 
of 


resistors 
R1, R2, and R3 are adjusted 
for the desired 
speed 


vs power 
tradeoffs. 
The 
values 
shown 
in 
the 
NOR 
gate 
(figure 
1) are typical 
values. 


Figure 
1 also 
shows 
an 
Output 
YY terminal. 
Some 
ECl 


logic 
gates 
need 
to have an extra 
diode 
voltage 
drop 
for 
Its 
output. 
We 
will 
call 
this 
the 
"bias 
level 
B" 


output/input. 
The 
Output 
Y terminal 
does 
not 
have 
this 
extra 
diode 
voltage 
drop. 
Thus, 
we 
will 
call this the 
"bias 


level A:' output/input. 
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The basic operation 
of this gate's differential 
pair and the 
two 
output 
stages is very similar 
to the NOR gate 
discussion. 
The NAND/AND 
gates input 
stage requires 


Input 
A to be a "bias level A" input 
and Input 
B to be a 


"bias 
level B" input. 
A "bias level N' input 
needs to be 
driven 
by a "bias 
level N' output. 
Similarly, a "bias 
level 


B" input 
needs to be driven 
by a "bias 
level B" output. 


The NAND/AND 
gate shown 
in figure 
2 has two output 
sections. The NAND 
output 
uses section A output 
stage. 
The AND 
output 
uses section 
B output 
stage. This gate 


can have either 
output 
stages omitted. 


The NAND 
gate has its "bias 
level N' result on Output 
X 
and its "bias 
level B" output 
on Output 
XX. Similarly, the 
AND 
gate has its "bias level N' result on Output 
Wand 


"bias 
level B" output 
on Output 
WW. 


Two Input Eel XOR Gate 


The basic operation 
of this gate's two differential 
pair and 


the output 
stages is very similar 
to the NAND/AND 
gate 
discussion. 
Figure 3 contains 
a circuit 
diagram 
for this 


gate. It uses one "bias level N' (Input 
A) input 
and one 


"bias 
level B" input 
(Input 
BB). The gates output 
is 
available 
as "bias 
level N' (Output 
W) and as "bias 
level 


B" (Output 
WW). 
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The 
circuit 
diagram 
for 
a single 
bit 
ECL data 
latch 
is 
shown 
in 
figure 
4. As long 
as the 
Clock 
Input 
is logic 


high, 
the data latch will 
pass the data from 
the Data Input 


through 
to 
the 
output. 
If 
the 
input 
data 
changes, 
the 
output 
will 
track 
the 
change. 
This 
is 
called 
the 
pass 


through 
mode 
of operation. 
The pass through 
mode 
will 
end 
as soon 
as the 
Clock 
Input 
signal 
changes 
to 
logic 


low. 
When 
this 
transition 
occurs, 
the 
current 
value 
of 


input 
data will 
latch. 
The data 
latch 
will 
remain 
fixed 
as 


long 
as the 
clock 
remains 
low. 
Should 
the 
Clock 
Input 
return 
to the 
high 
state, the 
data latch will 
return 
to the 


pass through 
mode 
of operation. 
The 
data 
latch 
is level 
triggered 
instead of edged 
triggered. 


Both 
the 
Clock 
Input 
and 
the 
Data Input 
are "bias 
level 
N' inputs. 
The 
"bias 
level 
A" 
outputs 
are Q and Q. The 


"bias 
level B" outputs 
are QQ and QQ. 


When 
the 
Clock 
Input 
is high, 
the 
current 
value 
of 
the 


Data Input 
will 
be present 
at the Q and QQ outputs. 
An 
inver~version 
of 
Data 
Input 
will 
be 
present 
at the Q 
and 
QQ 
outputs. 
When 
the 
Clock 
Input 
is 
low, 
the 


latched 
value of the previous 
Data Input 
will 
be present 
at 
the Q and QQ outputs. 


The data latch circuit 
contains 
circuitry 
to adjust the Clock 


Input 
signal. 
The circuitry 
shown 
in section 
A contains 
a 
circuit 
for converting 
a "bias 
level N' logic 
input 
into 
two 
"bias level B" output 
signals. The two 
output 
signals reflect 


the input 
signal and a complement 
of the input 
signal. 
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The "bias 
level 11:' clock 
input 
signal drives the base of Q1. 


Transistor Ql 
and Q2 form 
a different 
pair. The base of Q2 


is driven 
by a reference 
voltage 
which 
is midway 
between 


logic 
high and logic 
low. When 
the Ql 
input 
signal is 
high, the current 
will flow 
only through 
the Ql 
leg of the 
differential 
pair. This will cause the collector 
of Ql 
to have 
a voltage 
of about 
4.25 volts and the collector 
of Q2 to 
have a voltage 
of about 
5 volts. Substantial current 
will 


now 
flow 
through 
Q3. Thus, a "bias level II:' logic 
low is 
present 
at the emitter 
of Q3. The diode 
in series with 
Q3 
emitter 
shifts the output 
voltage 
to a "bias level B" output. 


This "bias 
level B" output 
will 
have a logic low value. Note 
that the Q3 outputs 
represent 
the complement 
of the 
Clock 
Input 
signal. Thus, a low Clock 
Input 
signal will 


result in a logic 
high output 
at the emitter 
of Q3. 


A buffered 
version 
of the Clock 
Input 
signal is provided. 
This output 
will 
have the same logic 
level as the Clock 
Input 
signal. A "bias level II:' version 
of the Clock 
Input 


signal is available 
at the emitter 
of Q4. The diode 
in series 
with 
Q4 emitter 
shifts the output 
voltage to a "bias level 


B" output. 


The buffered 
Clock 
Input 
signal and its buffered 


complement 
will 
drive the bases of Q5 and Q6, 
respectively. 
When 
the data latch is in the data pass 
through 
mode 
(Clock 
Input 
high), transistor 
Q5 is turned 


on and transistor 
Q6 is turned 
off. 
If the Data Input 
is 
logic 
high, all of the current 
in the differential 
pair 
(Q7 & 
Q8) will 
flow 
in the Q7 leg. The current 
now 
through 
the 
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resistor in the Q7 leg will 
produce 
a 750mV drop. 
This sets 


the collector 
of Q7 at 4.25 volts. This will 
cause <Ill 


emitter 
to be at "bias level II:' logic 
low (output 
Q). 


Output 
QQ 
will 
be "bias level B" logic 
low. The lack of 
current 
flow 
in the Q8 leg will 
cause the collector 
of Q8 


to be at about 
5 volts. This will 
cause the emitter 
of Q12 


to be logic 
high ("bias level 11:'). Output 
QQ 
will 
be at 
"bias 
level B" logic high. 


When 
the Data Input 
is logic 
low, then 
all of the current 
will 
flow 
through 
the Q8 leg. Transistor Qll 
emitter 
will 


now 
be at logic high. Output 
QQ 
will 
be at "bias 
level B" 


logic 
high. Transistor Q12 emitter 
will 
now 
be at logic 
low 
and the output 
QQ 
will 
be at logic low. 


The data latch will store the current 
state of the output 


when 
the Clock 
Input 
signal changes to logic 
low. This will 
cause transistor 
Q5 to turn 
off and transistor 
Q6 to turn 
on. The base of Q9 gets its input 
from 
output 
Q. The base 
of Ql0 
gets it's 
input 
from 
the output Q. Since it takes a 


few nanoseconds 
for Qll 
and Q12 to change 
state after 


the input 
data changes, the data latch is now getting 
its 


input 
data from 
the previous 
output 
data. This feedback 
loop 
causes the data latches output 
to remain 
fixed. 


The data latch also contains 
a CLEAR input. 
This input 
should 
normally 
be logic low ("bias level B"). A logic 
high 
will 
reset the data latch to logic 
low. As long as the CLEAR 


input 
is logic high, the data latch will 
remain 
reset. 


'Micro 
Linear 


One 
Bit ECL Register or Flip Flop 


The circuit 
shown 
in figure 
5 can be used as a single bit 


positive 
edge triggered 
register 
or as a flip flop. 
We shall 


first review 
its operation 
as a one bit register. This circuit 
latches the Input 
Data upon 
the Clock 
Input 
changing 


from 
logic 
low to logic high. The data will 
remain 
latched 


until 
the next time 
the Clock 
Input 
changes from 
logic 
low to logic 
high. Similar to the data latch circuit, 
the 
Clock 
Input 
and Data Input 
signal are both 
"bias 
level !':' 


inputs. 
The register 
has four 
outputs. 
Th~ outputs 
are 
available 
in both 
"bias level !':' (Q and Q) and "bias 
level 


B" (QQ and QQ). The register's stored 
value (Q and QQ) 
and its complement 
value {Q and QQ) are also provided. 


This circuit 
is simply 
two 
data latches in series. Both data 
latches use a common 
clock. 
When 
one 
latch is in the 
data pass through 
mode, 
the other 
latch is latched. 
When 


the Clock 
Input 
signal is high, 
data latch A is latched 
and 


data latch B is in the pass through 
mode. 
When 
the Clock 
Input 
signal is low, data latch A is in the data pass through 


mode 
and data latch B is latched. 
If the Clock 
Input 
signal 


changes from 
low to high, 
latch A will 
latch its current 


input 
data and data latch B will 
pass data latch A output 


values directly 
to its output. 
This can change 
the data 


register's 
output. 
If the Clock 
Input 
signal changes from 


high 
to low, the output 
data will 
not change 
since latch B 


will 
latch itself using data provided 
by latch A previous 


outputs. 
Note 
that a flip fuJp can be implemented 
by 
connecting 
the register's Q output 
to the register's 
Data 


Input. 


The register 
also contains 
a CLEAR input. 
This input 
should 


normally 
be logic 
low ("bias 
level B"). A logic 
high will 
reset the register 
to logic low. As long as the CLEAR input 


is logic high, the register will 
remain 
reset. 


The Clock 
Input 
circuit 
has two 
"bias 
level B" outputs 


(point 
A and B). If these output 
connections 
are switched, 


the register will 
latch upon 
a logic 
high to low transition. 


This will cause it to be in pass through 
mode 
whenever 


the Clock 
Input 
is low. The data register 
will 
latch its data 


whenever 
the Clock 
Input 
is high. 
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TIl and CMOS Input Interface Circuit 


This circuit, 
shown 
in figure 
6, converts 
a TIl 
or CMOS 
logic 
level input 
into an on-chip 
ECl level input. 
Output 
Y 
is a "bias level!'\' 
version 
of Input 
A. Output 
YY is a "bias 
level B" version 
of Input 
A. Transistors Q1 and Q2 forms a 


differential 
pair. The string of three 
diodes 
(D1, D2, and 


D3) sets the base of transistor 
Q2 at 2.25 volts. Given a 
high TIlICMOS 
logic level drive 
at Input 
A, resistor R1 


will 
bias the base of Q1 to be above the base Q2. This will 


cause all of the current 
to flow 
through 
the Q1 leg of the 
differential 
pair. Since the voltage 
drop 
across R2 will 
be 


about 
zero, the base of Q4 will 
be at 5 volts. The emitter 


of Q4 will 
be "bias level!'\' 
logic 
high. A "bias level B" 


version 
of this output 
will 
be produced 
at Output 
YY. 


When 
Input 
A is driven 
by a TIlICMOS 
low logic 
level, 


the base of Q1 will 
be biased below 
the base of Q2. Now 


all of the current 
will flow 
through 
the Q2 leg of the 
differential 
pair. The current 
flow 
will 
causes a 750mV 


voltage 
drop 
to occur across R2. The emitter 
of Q4 


(Output 
Y) is now 
set at a "bias 
level!'\' 
logic low. Diode 
D5 produces 
a "bias level B" version 
of this output. 


Voltage Reference for FB3600 ECl logic 


The circuit 
shown 
in figure 
8 supplies 
the necessary 
reference 
voltages for our 
ECl logic. 
It has been designed 


to vary the output 
voltage with 
temperature. 
This block 


has been designed 
by Mirco 
linear's 
engineering 
department 
as a standard 
function 
block 
to be included 


on all ECl logic designs. 
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"Micro 
Linear 


On-chip ECl to TIl or CMOS Output Interface 


The circuit 
shown 
in figure 
7 takes an on-chip 
"bias 
level 


A:' ECl 
input 
and produces 
a TTLiCMOS 
compatible 
output. 
If the 
input 
is logic 
high 
(true) 
then 
the output 
will 
be logic 
high 
(true). 
The circuit 
simply 
buffers 
and 


shifts the 
logic 
voltage 
level from 
on-chip 
ECl voltage 


levels to TTLiCMOS 
voltage 
levels. 


Section 
A contains 
circuitry 
similar 
to the 
CLOCK 
input 
for 


the 
data latch 
circuit. 
It converts 
the 
input 
into 
two 
signals 


(buffered 
version 
and a complement 
buffered 
version). 
If 


the 
input 
is driven 
by a high 
logic 
level, 
01 
will 
be turned 


on and 02 
will 
be turned 
off. This causes the base of 03 


to be 4.25 volts and the base of 04 
to be 5 volts. 
Transistors 03 
and 04 
drives 
the 
bases of 05 
and 06 


respectively. 
Since the base voltage 
of 04 
is greater 
than 


the 
base voltage 
of 03, 
the 
base voltage 
of 06 
will 
be 
greater 
than 
the 
base voltage 
of 05. 
This will 
cause all of 


the current 
in the 05 
& 06 
differential 
pair to flow 
in the 
06 
leg. If Input 
A is driven 
by a logic 
low 
level, 
all of the 
current 
in the 05 
& Q6 differential 
pair will 
flow 
in the 
05 
leg. 


The collector 
of 06 
drives the final 
output 
circuitry 
in 


section 
B. When 
Input 
A is at logic 
high, 
the collector 
of 


06 
will 
be at .9 volts. The voltage 
drop 
across the 
base 
and emitter 
(.75 volts) of 07 
and 08 
will 
result 
in the 
bases of 011 
and 012 
being 
driven 
by less than 
.2 volts. 
Transistors 
011 
and 012 will 
be switched 
off. Since 011 
is 
off, 
the 
base of 013 
will 
be close to 5 volts. This turns 
013 


on and results 
in a voltage 
of about 
4.2 volts at the 


Output. 


If Input 
A is at logic 
low, the collector 
of 06 
will 
be at 1.5 


volts. The voltage 
drop 
across the 
base and emitter 
of 07 


and 08 
will 
result 
in the 
bases of 011 
and 012 
being 
driven 
by about 
.9 volts. This will 
turn 
on 011 
and 012. 


With 
011 
turned 
on, 013 
will 
be turned 
off and 012 
will 


be switched 
on. The output 
voltage 
will 
be about 
.75 volts. 


We have just 
reviewed 
how 
section 
A circuitry 
drives 
the 


differential 
pair of 05 
& 06. 
We have also reviewed 
how 


the collector 
of 06 
drives 
the output 
drive 
circuitry 


contained 
in section 
B. Next, 
we will 
examine 
how 
the 
05 


& 06 
differential 
pair have been 
biased. 


Section 
D contains 
a circuit 
known 
as a base emitter 


voltage 
multiplier. 
The voltage 
at the collector 
of 015 
will 


be determined 
by the following 
equation, 


The value 
of R1 and R2 is 10KO and 4KO respectively. 
The 


.75 represents 
the typical 
voltage 
drop 
across a transistors 


base to emitter. 
This sets voltage 
at the 
collector 
of 015 
at 


2.6 volts. The voltage 
drop 
across the 
base and emitter 
of 


014 
will 
set the collector 
voltage 
of 05 
at 2.6 - .75 = 1.85 
volts. 


When 
all of the 
current 
flows 
in the 
05 
leg of the 


differential 
pair (05 
& 06), 
there 
will 
not 
be a voltage 


drop 
across the circuitry 
in section 
E (no current 
flow). 


The collector 
of 06 
is now 
set at 1.85 volts. 
If all of the 
current 
flows 
in the Q6 leg of the differential 
pair, there 
will 
be a .75 voltage 
drop 
across the 
diode. 
This sets the 
collector 
of 06 
at 1.1 volts. 


The circuitry 
in section 
F provides 
a bias current 
for a 
current 
mirror. 
Resistor R3 value 
was chosen 
for 
a .5mA 
current 
flow 
with 
a 4.4 voltage 
drop 
across it. This input 


bias current 
generates 
the 
base to emitter 
voltage 
for 
016 


which 
drives 
the 
bases of 017, 018, 
09 
and 010. 
Each of 


these transistors 
will 
sink .5mA. 


Transistors 019, 
021 and 020 
also form 
a current 
mirror. 


Transistor 
020 
and its 8K emitter 
resistor 
have been 
added 


for stability. 
The purpose 
of the current 
mirror 
is to keep 


the curent 
flowing 
through 
03 
and 04 
approximately 
equal. 


Transistors 011 
and 012 
are schottky 
clamped 
transistors. 


They 
consist of a npn transistor 
with 
a schottky 
diode 
connected 
between 
the base and the 
collector. 
The 
function 
of this diode 
is to limit 
the 
current 
flowing 
into 


the 
base. This prevents 
the 
transistor 
from 
saturating. 
The 


schottky 
diode 
sends the 
excess base current 
into 
the 
collector. 
This limits 
the voltage 
drop 
across the 
collector 
and the 
emitter 
to about 
200mV. The typical 
base emitter 
voltage 
drop 
is .75 volts. These devices 
can be replaced 


with 
regular 
npn transistors 
if the 
logic's 
switching 
rates are 


low 
(a few 
MHz). 
Saturated 
transistors 
have much 
slower 


switching 
times 
than 
non 
saturated 
transistors. 


Voltage Reference for FB3600 ECl logic 


The circuit 
shown 
in figure 
8 supplies 
the 
necessary 


reference 
voltages 
for our 
ECl logic. 
It has been 
designed 


to vary the output 
voltage 
with 
temperature. 
This block 


has been 
designed 
by Mirco 
linear's 
engineering 


department 
as a standard 
function 
block 
to be included 


on all Eel 
logic 
designs. 
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Trimming Analog Bipolar Arrays 


High 
performance 
analog 
integrated 
circuits 
are becoming 
a necessity 
in the 
design 
of state of the art analog/digital 


systems. With 
standard 
analog 
Ie's 
this requires 
the 
designer 
to specify 
premium 
performance 
parts. These 
same premium 
performance 
circuit 
functions 
are not 
typically 
available 
in semicustom 
arrays. By utilizing 
trimming 
techniques, 
though, 
improved 
performance 
can 


still 
be obtained. 
Trimming 
analog 
bipolar 
arrays is a very 
viable, 
cost effective 
approach 
for 
improving 
the 
key 
parameters 
of a circuit. 


If tighter 
specifications 
are required 
than 
can be obtained 


using 
good 
design 
techniques 
the 
circuit 
may be trimmed 


at the 
wafer 
level 
by a technique 
of selectively 
shorting 
zener 
diodes. 
This is known 
commonly 
as zener 
zapping. 
This technique 
can be used to trim 
the 
input 
offset 


voltage 
of an op amp or the 
output 
voltage 
of a precision 


reference. 
For example, 
the 
offset 
voltage 
of our 


MLC3S0'" 
operational 
amplifier 
can be trimmed 
from 
a 
maximum 
of 7mV to less than 
1mV. The MLC340 
voltage 
reference 
can be trimmed 
to an accuracy 
of better 
than 


1%. Many 
types of parameters 
may be trimmed 
within 
the 
limitations 
of the technique 
as described 
below. 


Although 
there 
are other 
ways in which 
a bipolar 


integrated 
circuit 
may be trimmed, 
zener 
zapping 
has 
become 
well 
established 
because 
it does 
not 
require 
extra 
processing 
steps and can be implemented 
at the 
wafer 


level. 
Unlike 
laser trimming, 
the 
technique 
is not 
limited 


to altering 
a resistive 
element, 
and does not 
require 
a 
large 
capital 
investment. 
Fusible 
links, 
another 
well- 
established 
method, 
requires 
currents 
in the 
ampere 
range 
in order 
to blow 
the 
standard 
1 micron 
thick 


aluminum, 
resulting 
in a questionable 
blown 
connection. 
A thinner 
link 
would 
require 
additional 
wafer 
processing 
steps. 


The Zener 
Zapping Technique 


This process 
is called 
zener 
zapping 
because 
the 
eminer- 


base diode 
of a bipolar 
transistor 
is permanently 
shorted 


by passing 
a relatively 
large 
current 
through 
it while 
in 


the 
reverse 
breakdown 
avalanche 
mode. 
It produces 
a 
reliable 
1-10 ohm 
link 
between 
the 
emitter 
and base pads. 
(See Fig. 1) This is a very reliable 
connection 
because 
of 
the 
double 
short 
which 
actually 
occurs. 
The first short 
is 
caused 
by the 
destruction 
of the 
pn junction. 
In addition, 
the 
presence 
of a large electric 
field 
during 
thermal 


runaway 
causes metal 
to migrate 
across the silicon 
surface 
beneath 
the 
oxide 
layer, producing 
a second 
short. 


This set of events 
occurs 
when 
the 
voltage 
across the 
emitter-base 
junction 
is increased 
beyond 
the 
6.3V 


/ 


avalanche 
breakdown 
point, 
to above 
18V. At about 
18V 


the 
instantaneous 
power 
dissipation 
exceeds 
1.2W (figure 


2) and an oscillatory, 
thermal 
runaway 
condition 
occurs. 
In 
less than 
a second 
the junction 
is destroyed 
leaving 
a 1-10 
ohm 
short. 
The current 
required 
is less than 
300mA, 
so 


remote 
probe 
pads (the bonding 
pads) can be used 
without 
damage 
to the 
pads or traces. 


i = 18 


1 


;06.3 = 69mA 


Power 
Dissipation 
= iV = (69mA)(18V) = 1.24W 


The circuit 
in figure 
3 illustrates 
a simple 
implementation 
of this technique 
to alter 
the total 
resistance 
of a circuit 
path. 
Before 
any of the zeners 
are blown 
the 
total 
resistance 
equals 
1SR. This value 
can be altered 
to equal 
any integer 
multiple 
of R from 
1R to 1SR by selectively 
blowing 
only 
four 
zeners 
in a binary 
fashion. 
This is 
possible 
due 
to the 
binary 
arrangement 
of the 
resistor 
values. 
For example, 
to obtain 
a resistance 
of SR, 02 and 


04 should 
be shorted 
resulting 
in 4R + 1R = SR. Note 
that 


S equals 
0101 in binary 
which 
is represented 
by 04, 03, 


02, 01 with 
shorts 
being 
O's and opens 
being 
1's. 
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This type of circuit 
arrangement 
has two 
restrictions 
of 


which 
the designer 
should 
be aware. During 
normal 


operation 
of the circuit, 
the current 
through 
the resistor 
string 
should 
not be allowed 
to flow 
opposite 
to the 
direction 
indicated 
in the drawing. 
This would 
forward 


bias the base-emitter 
junction 
of the transistors, and 


effectively 
short 
out a resistor intended 
to be used. In 


Application Note 2 


addition, 
the forward 
voltage 
drop 
across each of the 


resistors should 
not exceed 
the zener 
breakdown 
voltage, 


about 
6.3V. This would 
allow 
current 
to flow 
out 
of the 
resistor string and through 
the zener, altering 
the 


intended 
operation 
of the circuit. 


The preceding 
example 
illustrates 
the use of zener zapping 
to alter a resistive element 
in a circuit. 
In many cases 


modifying 
a current 
source is a more useful way of trimming 
a design. Figure 4a shows trimmable 
current 
sources used to 
reduce 
the input 
offset voltage 
of an op amp. 


In this example 
the balance of current 
in two 
circuit 
paths 


is altered 
using zener zapping. 
This technique 
is 


particularly 
useful for 
reducing 
the input 
offset voltage 
of 
an operational 
amplifier 
which 
has added 
emitter 


degeneration 
in the input 
stage in order 
to improve 
slew 


rate (figure 
4b). The emitter 
resistors used in this circuit, 


R6 and R7, will 
contribute 
significantly 
to the offset 
voltage 
of the input 
stage. By modifying 
the balance 
of 
current 
between 
IA and 18 the increased 
offset 
voltage 
Vas can be compensated. 
In this example 
there 
are again 


4 bits of trimming 
resolution 
with 
the 3 least significant 
bits controlling 
one current 
path and the most significant 
bit controlling 
the other. 
With 
this configuration 
the 
balance 
of current 
can be altered 
in either 
direction. 
In 
other 
words, 
the current 
in T, can be increased 
or 
decreased 
relative 
to T2. 
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To increase 
the current 
through 
T, relative 
to Tz you 


simply 
short Q" 
Qz, and Q3 in a binary 
fashion 
to get 
increments 
of I from 
11 to 71. To increase the current 
through 
Tz relative 
to T, you short Q4 which 
increase the 
current 
through 
Tz by 81. Then 
if you want 
less current, 
short Q" 
Qz, and Q3 in a binary 
fashion 
to offset 
the 
increase 
in Tz by increments 
of I down 
to 11. 


The source 
of current 
in the trim 
circuit 
should 
be of the 
same type as the circuit 
to be trimmed 
so their 


temperature 
coefficients 
will 
match. 
In this case the VREf 


in both 
circuits 
should 
be the same, and resistors Rz and 


R8 should 
be of the same type. 


Shorting 
zeners is an irreversible 
process. Thus, it is 
important 
to check the results of a trim 
bit pattern 
before 
actually 
destroying 
the junctions. 
This is done 
by shorting 
the 
probe 
pads externally 
in the desired 
pattern 
through 


relays. In this way all combinations 
can be tried 
and the 
best results can be chosen 
and implemented. 


Although 
these two examples 
both 
use 4 bits (4 zeners) to 
trim 
a circuit, 
any number 
can be used to get more 
or 


less resolution. 
The designer 
should 
be aware though 
of 
the practical 
limitations 
of each circuit 
to be trimmed. 


Other 
error 
terms like temperature 
coefficients 
will 
eventually 
become 
significant, 
and additional 
trimming 
beyond 
this point 
would 
be fruitless. 
In addition, 
the 
more 
zeners you 
use, the more 
probe 
pads are required. 


In a full 
custom 
circuit 
where 
minimum 
die size is the 


ultimate 
goal, the additional 
die area required 
for the 
diodes, 
pads and trim 
circuitry 
may become 
significant. 


An array, however, 
typically 
has unused 
components 
available 
for the trim 
circuitry, 
and you only 
have to be 
concerned 
with 
the number 
of bonding 
pads available. 
If 
all of the pads are already 
being 
used for pinouts 
then 
a 


larger array would 
be required. 


These examples 
illustrate 
the usefulness and flexibility 
of 
zener 
zapping. 
There are many other 
potential 


applications 
for this technique 
though, 
and with 
a good 


understanding 
of the basic diode 
shorting 
process the 
design 
engineer 
can be creative 
in its application. 


l1J The 
MlC350 
is one 
of the 
circuits 
in Micro 
linear's 
library 
of 
macrocells. 
Performance 
details 
of this circuit 
and 
other 
macrocells can be found in the FB300Macrocell and Component 
Library booklet. 
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Design Techniques for Low Input Bias Current 


Analog 
systems often 
require 
high 
impedance 
inputs 
to 


accommodate 
the demand 
for higher 
accuracy. 
Measurement 
systems which 
interface 
to photodetectors 
or 


high impedance 
transducers 
require 
devices with 
low offset 


voltage 
and low 
input 
bias current. 
This is necessary to 
receive 
and amplify 
the signal without 
introducing 
any 


significant 
errors. 
Under 
this constraint, 
the designer 
will 


often 
select a FET as the primary 
input 
device. 
Although 
a 
FET input 
stage may be appropriate 
in a discrete 
circuit 


design, 
there 
are other 
all bipolar 
techniques 
which 
are just 


as effective 
and better 
suited 
to an analog array. In some 


cases, these techniques 
will out perform 
the FET alternative. 


This application 
note 
describes 
three 
alternatives 
for 


obtaining 
low 
input 
bias currents. 
The design techniques 


described 
can be applied 
to many different 
types of 


circuits 
from 
simple 
emitter 
followers 
to complex 
amplifiers. 
For example, 
a typical 
all bipolar 
operational 


amplifier 
can achieve 
input 
bias currents 
of about 
100nA 


with 
an offset 
voltages of about 
1mV11l• 
Unfortunately 
these characteristics 
are still not good 
enough 
for 
many of 


the applications 
previously 
mentioned. 
The input 
bias 


current 
can be minimized 
by using one 
of the following 


design 
techniques, 
1) reducing 
the collector 
current 
2) 


using a Darlington 
configuration 
3) employing 
current 


cancellation 
techniques. 
This document 
will 
briefly 
describe 
the first two 
methods 
but will 
provide 
a detailed 


analysis of the cancellation 
technique 
as it provides 
the 
best performance 
trade-off 
and is the most involved. 


Reducing 
the Collector 
Current 


The simplest 
approach 
to achieve 
low input 
bias current 
is 


to reduce 
the collector 
current 
of the input 
transistors. 


Since the 
base current 
tracks the collector 
current 
by a 


factor 
of beta, reducing 
the collector 
current 
of the input 


transistors 
will 
reduce 
the 
input 
bias current 
into 
the 
bases. Beta will 
degrade 
at lower 
collector 
currents 
(figure 
1), however, 
setting 
a practical 
limitation 
on this technique 
at about 
SOpA base current. 
If the circuit 
does not require 


a high 
slew rate or high gain bandwidth, 
this may be an 


acceptable 
method. 


The Darlington 
Configuration 


Figure 
2 shows a differential 
Darlington 
configuration 


which 
will 
reduce 
the input 
bias requirements 
by a factor 


of beta. 
It will 
also double 
the offset 
voltage 
and reduce 
the voltage 
gain by 2. The offset 
voltage 
doubles 
due to 
the additional 
mismatching 
of the added 
devices, while 


the voltage 
gain suffers 
because only one-half 
of the 
input 
signal appears across the inner 
pair of transistors. 
A 


higher 
slew rate and gain bandwidth, 
though, 
can be 
achieved 
with 
this technique, 
over simply 
reducing 
the 
collector 
current, 
but 
it requires 
more 
components. 
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The Cancellation 
Technique 


An all bipolar 
solution 
to low 
input 
bias current 
with 
low 


offset 
voltage 
while 
maintaining 
high 
collector 
currents 
for 


noise, slew rate or bandwidth 
reasons requires 
a 


technique 
called 
Input 
Bias Current 
Cancellation. 


Input 
bias current 
cancellation 
is a circuit 
design 
technique 
which 
measures the input 
current 
and forces 
an equivalent 
amount 
back into 
the input 
nodes 
(figure 
3). Ideally, this results in perfect 
cancellation 
of the input 
current. 
In the circuit 
in figure 
3, the base currents 
into 


03 and 04 duplicate 
the base currents 
into 01 and 02. 


These currents 
are then 
sensed by 05 and 07 and 
equivalent 
currents 
are fed back, via 06 and 08, into 
the 


input 
nodes. The total 
current 
at each input 
is thus, 
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Assuming 
all PNP betas (f3p) 
are equal, 
all NPN 
betas (f3N) and all base-emitter 
voltage 
drops 
are equal, 


_ 
fJN 
fJp 


Ic - 
la (1 + fJN) (2 + fJp) 


-( 
~~) 
IIN - la 
1 - (1 + fJN) (2 + fJp) 


IC = la 
so 


IIN = 0 


The main 
contributor 
to cancellation 
errors 
in this circuit 
is 
the 
low 
beta of the 
PNP devices. 
This sets a practical 
limitation 
on this technique 
at about 
5-10% of the 
uncanceled 
current, 
as shown 
by the following 
example. 


Assumptions: 
fJN = 100, fJp = 30, la = 70nA 


( 


100 
30) 
IIN = 70 
1 - 1 + 100 
2 + 30 


IIN = 70 (.0718) 


IIN = 5nA 


This technique 
does not 
reduce 
the 
input 
offset 
current. 
In 


fact, the additional 
circuitry, 
with 
its additional 
mismatches, 
increases 
the 
offset 
current 
by a factor 
of about 
3. The 


input 
bias current 
can be reduced 
to about 
the same 
value 
as the offset 
current, 
setting 
the 
limitation 
on this 
technique 
at about 
1-10nA. 


In the 
equations 
above, 
the 
betas of PNPs in the current 


mirror 
were 
assumed 
to be equal. 
To enhance 
the 
viability 
of this assumption, 
the VCE of each PNP should 
be kept 
equal. 
With 
the cancellation 
circuitry 
tied 
to the 
positive 
supply 
the VCE of Q6 and Qa will 
change 
with 
the 
input 
voltage, 
while 
the VCE of Qs 
and Q7 will 
remain 
constant. 


This further 
aggravates any beta mismatch 
which 
already 
exists. To reduce 
this effect 
the 
circuit 
can be self-biased 


using current 
source 
laa, diodes 
D, and D2, and transistor 


Qg, as shown 
in figure 
4. 


This circuit 
keeps the voltage 
across the cancellation 
circuitry 
fixed 
as the 
input 
common 
mode 
voltage 
changes, 
which 
in turn 
keeps the 
beta of each device 
constant. 


These techniques 
for reducing 
input 
bias current 


demonstrate 
the 
reality 
of achieving 
levels sometimes 


thought 
only 
possible 
with 
jFETs or MOSFETs. Circuits 


being 
considered 
for analog 
array integration 
which 


contain 
discrete 
FETs or FET input 
op amps should 
not 
be 
categorized 
as not 
possible. 
Rather, each individual 
circuit, 


should 
be analyzed 
for its critical 
parameters, 
keeping 
in 


mind 
the trade-offs 
described 
above. 
If none 
of the 


bipolar 
solutions 
is adequate 
an external 
FET can always be 


used as an input 
buffer. 


111 The offset voltage can be reduced by making use of wafer 


trimming 
techniques. 
At Micro 
Linear 
a process called 
zener 
zapping 
is used. 
for 
more 
information 
about 
this process 
see the 
application 
note 
titled 
IITrimming 
Bipolar 
Arrays". 
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High Frequency Complex Filter Design 


Using the ML2111 
Charles 
Yager 


Carlos 
Laber 


Switched 
capacitor 
filters 
have been 
growing 
in popularity 
because 
of their 
advantages 
over 
active 
filters. 
Switched 


capacitor 
filters 
don't 
require 
external 
precision 
capacitors 


like 
active 
filters. 
Their 
cutoff 
frequencies 
have a typical 


accuracy 
of ±0.3%, 
and they 
are less sensitive 
to 


temperature 
changes. This allows 
consistent, 
repeatable 
filter 
designs. 
Another 
distinct 
advantage 
of switched 


capacitor 
filters 
is that their 
cutoff 
frequency 
can be 


adjusted 
by changing 
the 
clock 
frequency. 
Switched 


capacitor 
filters 
offer 
higher 
integration 
at a lower 
system 


cost. 


Until 
the 
introduction 
of the ML2111, commercially 
available 
switched 
capacitor 
filters 
were 
limited 
to about 


20 KHz center 
frequencies. 
The ML2111 uses the versatile 


architecture 
of the MF10 with 
enhanced 
performance 
to 


reach 
center 
frequencies 
of up to 150 KHz with 
Q values 


up to 20. 


Designing 
high 
frequency, 
high 
order 
filters 
using the 


ML2111 is the 
main topic 
of this application 
note. 
Particular 
attention 
is focused 
on mode 
1c, which 
has the 
advantage 
of operating 
at high 
frequencies 
while 
allowing 
the center 
frequency 
to clock 
ratio 
to vary based on 


external 
resistors. A flexible 
building 
block 
is introduced 


which 
implements 
all the 
necessary types of bi-quads 
to 
realize 
high 
order 
complex 
filters. 
Finally 
an example 
is 


given 
which 
illustrates 
the design 
of an eighth 
order 
Elliptic 
bandpass 
filter 
with 
a center 
frequency 
of 90 KHz 


and a passband 
from 
81 KHz to 100 KHz. 


The first part of the application 
note 
covers 
a variety 
of 


issues: layout, 
how 
fast the system clock 
can be changed 


for 
sweeping 
filters, 
and some differences 
between 


continuous 
and sampled 
data filters. 
For the 
reader 
who 
is 


already 
familiar 
with 
sampled 
data filters, 
section 
2 on 
Effects of Sampling, 
Aperature, 
Aliasing, 
and Signal 
Reconstruction 
may be skipped. 


2.0 Effects of Sampling 


Since the 
ML2111 is a switched 
cap~citor 
filter, 
it behaves 


as a sampled 
data system. Switched 
capacitor 
filters, 
as 


opposed 
to digital 
filters, 
are analog 
sampled 
data systems. 


The signal remains 
in the analog 
domain, 
as the charge 


on a capacitor. 
Whether 
using an analog 
or digital 


sampled 
data system, the 
effects 
of sampling 
the signal 
must be considered. 


Figure 
1 shows a time 
domain 
input 
and output 
signal of 
an analog 
sampled 
data system. 
In the 
ideal case, the 


sampled 
data system, samples the 
input 
signal 
instantaneously, 
or with 
an impulse 
function. 
The 


amplitude 
of each sample 
is equal 
to the 
instantaneous 


amplitude 
of the input 
signal. The output 
is a series of 


narrOw 
pulses, each separated 
by time 1, the sampling 


period. 


2.1 Aperture 


Since an impulse 
fundion 
in the time 
domain 


corresponds 
to a flat spectrum 
in the frequency 
domain, 


the 
input 
spectrum 
is exactly 
reproduced 
in the frequency 


domain, 
however, 
in reality 
the sampling 
signal 
is periodic 


and has a finite 
pulse width. 
When 
convoluting 
a finite 


pulse width 
with 
an input 
spectrum 
FOw) with 
unity 


amplitude, 
the 
result 
is found 
to be: 


F 
("w) =I 
sin (WTI2) 


00 
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From 
this equation, 
the gain 
is a continuous 
function 
of 


frequency 
defined 
by (TIT) 
(sin (wT/2)/(WTI2)) 
where 
T is 
the 
sample 
pulse 
width 
in seconds, 
T is the sample 
period 


in seconds, 
and 
W the frequency 
in radians 
per second. 


The time 
and frequency 
domain 
plots 
for the finite 
pulse 
width 
sampled 
signal are shown 
in figure 
2. Figure 
2 is a 
plot 
of the 
previous 
equations 
where 
the 
frequency 


spectrum 
is formed 
around 
multiples 
of the sampling 
frequency. 
As long 
as the 
adjacent 
spectra 
do 
not 
overlay 
(aliasing 
distortion), 
the continuous 
signal can be 
reconstructed 
from 
the discrete 
samples. 


To evaluate 
the 
amplitude 
distortion 
caused 
by having 
a 
finite 
pulse 
width, 
one can simply 
solve equation 
1. Since 
the 
ML2111 has a zero-order 
hold 
TIT 
is unity. 
Assuming 
a 


7.S MHz 
sampling 
frequency 
and a bandwidth 
of 150 KHz, 
the 
amplitude 
distortion 
or attenuation 
is 5.7 x 10-3 dB. 


The equation 
shows 
that when 
the 
sampling 
frequency 
is 
40-50 times 
greater 
than 
the 
bandwidth, 
the aperture 


effects 
are negligible. 


2.2 Aliasing 


Another 
potential 
source 
for distortion 
in a sampled 
data 
system 
is aliasing. 
Aliasing 
distortion 
occurs 
when 
the 
input 
frequency 
to a sampled 
data system contains 
frequency 
components 
above 
one 
half the sampling 
frequency. 
These 
higher 
frequency 
components 
beat with 


the 
sampling 
frequency 
and are reflected 
back 
into 
the 
baseband 
causing 
aliasing 
distortion. 


The additional 
spectral 
components 
caused 
by sampling 
the 
input 
signal 
are the sum and differences 
of the 
input 


frequencies 
with 
multiples 
of the 
sampling 
frequency. 
For 


example, 
assume the 
input 
to a sampled 
data system 
is a 


sine wave 
with 
a frequency 
of 100 KHz (fi) sampled 
at 
250 KHz 
(fs), as shown 
in figure 
3a. The first few 
spectral 
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components 
will 
be at: (fj = 100 KHz; 
original 
signal, 


fs - fj = 150 KHz, fs + fi = 350 KHz, 
2fs - fj = 400 KHz, 


2fs + fj = GOOKHz, 
... 
) Now 
assume fi has a second 


harmonic, 
which 
would 
be at 200 KHz, the spectral 


components 
are shown 
in figure 
3b. If our 
bandwidth 
of 
interest 
were 
from 
DC to f/2, 
then 
the fs - 2fj 
component 
interferes 
with 
the 
original 
signal. 
If we were 


to reconstruct 
the original 
signal 
by lowpass 
filtering 
it, we 
could 
not 
separate 
the aliased 
component, 
fs - 2fj = 50 
KHz, from 
the original 
signal. 


If our 
bandwidth 
of interest 
is a bandpass, 
the 
aliased 
component 
may not 
interfere. 
For example, 
if the 
ML2111 


were 
to be used as a four 
pole 
bandpass 
filter 
with 
a 
center 
frequency 
at 100 KHz and a Q = 10 as shown 
in 
figure 
3c, then 
the 
aliasing 
components 
in the 
above 
example 
would 
be filtered 
out 
as shown 
in figure 
3d. But 


if the 
ML2111 were 
to be used as a low 
pass filter, 
then 


the 
fs - 2fj aliased 
component 
would 
not 
be filtered 
out 


by the 
ML2111, and an anti-aliasing 
filter 
would 
be 


needed. 


If the 
input 
signal 
is not 
band-limited, 
and the 
aliasing 
components 
fall within 
the 
bandwidth 
of interest, 
then 
a 


lowpass 
filter 
or anti-aliasing 
filter 
must 
be placed 
in front 
of the 
ML2111. This filter 
must 
be a continuous 
filter 
rather 
than 
a sampled 
data filter, 
however, 
the 
complexity 
of this filter 
is typically 
much 
less than 
the 
ML2111 filters, 


and 
its frequency 
response 
is less critical 
allowing 
for 


relaxed 
component 
tolerances. 


Since no frequency 
component 
can be totally 
eliminated, 
one 
must determine 
the 
acceptable 
amplitude 
of the 
aliasing 
components 
that will 
not impact 
the 
Signal to 


Noise 
ratio 
of the 
system. 


The 
higher 
the 
ratio 
of sampling 
frequency 
to input 


bandwidth, 
the 
lower 
the 
requirements 
on the 
anti- 
aliasing 
filter. 
Figure 
4 shows 
the 
effects 
of sampling 
rate 
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Figure 3. Aliasing Distortion 
Using Sample 
Data Filters 
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rate on the 
separation 
of sampled 
signal spectra. 
Note 
the 
amount 
of overlap 
increases 
as the 
sampling 
frequency 
is 
decreased 
for 
a fixed 
input 
signal 
bandwidth. 
In general, 
the 
higher 
the 
sampling 
frequency, 
the 
less aliasing 
distortion. 
Since the MLZlll's 
sampling 
frequency 
is 
typically 
either 
50 or 100 times 
greater 
than 
the 
input 


bandwidth, 
the 
aliasing 
distortion 
may be negligible. 


2.3 Signal to Noise Ratio and 


Aliasing Distortion 


To determine 
whether 
aliasing 
distortion 
could 
be a 
problem, 
one 
must first determine 
the 
Signal to Noise 
Ratio 
of the 
overall 
system. 
Aliasing 
distortion 
less than 


the 
signal 
to noise 
ratio 
is of no concern. 


The data sheet 
specifies 
noise 
based on Q and 


bandwidth. 
From 
these specs one 
can deduce 
the SIN 
ratio 
of one 
bi-quad 
in the 
MLZlll. 
Using 
a simplified 
example, 
a bandpass 
filter 
with 
a Q = 10 and a system 


clock 
to center 
frequency 
ratio 
of 50:1 has noise that 
is 
262 JlVrms over 
a 750 KHz bandwidth; 
taken 
from 
the 
specs in the 
data sheet. To determine 
the 
maximum 
input 
signal 
amplitude, 
one 
must 
consider 
the slew rate spec. 


The typical 
value 
is 2 V/Jlsec, however 
a comfortable 
safety margin 
is 1.495 V/Jlsec 
for 
the commercial 


temperature 
range 
and 1.256 V/Jlsec for the 
military 
temperature 
range. 
The slew 
rate = 2mA, 
where 
f is the 
maximum 
input 
frequency, 
and A is the 
peak amplitude 
in volts. 
Therefore 
A = 1.495E6/(2*1T*1OOE3)= 2.3 Volts; 
and 
the SIN 
= 78 dB. 
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Based on a 100 KHz bandpass 
filter 
with 
a Q = 10, 


fCLK:fo = 50:1, and a signal to noise 
ratio 
of 78 dB, what 
sort of anti-aliasing 
filter 
would 
be sufficient? 
One 
must 
first 
look 
at the spectrum 
of the 
input 
signal, 
particularly 


in the 
4.895 MHz 
to 4.905 MHz 
frequency 
range 
since 
this 


is the 
range 
that will 
be reflected 
back 
into 
the 
bandwidth 
of interest, 
95 KHz to 105 KHz. 
If the 
frequency 
components 
in the 4.895 MHz 
to 4.905 MHz 
are below 
78 dB, they will 
have a minimum 
impact 
on 
the 
signal to noise 
ratio. 
Let's assume that these 
frequency 
components 
are down 
only 
20 dB. Then 
the 
anti-aliasing 
filter 
will 
have to attenuate 
the 
frequencies 
in the 4.895 


MHz 
to 4.095 MHz 
range 
by 78 - 20 = 58 dB, and pass 
the 
frequencies 
in the 
95 KHz to 105 KHz frequency 


range 
with 
no attenuation. 
A simple 
two 
pole 
Butterworth 
filter 
with 
a cutoff 
frequency 
of 170 KHz will 
be sufficient, 


however 
there 
will 
be an attenuation 
of about 
0.5 dB at 
100 KHz due 
to this filter. 


Figure 
Sa shows 
a Sallen-Key 
active 
filter 
capable 
of 


implementing 
two 
poles, 
and figure 
5b shows 
a Rauch 


filter 
also implementing 
two 
poles. 
These two 
active 
filters 
are good 
examples 
to use for 
anti-aliasing 
and 
reconstruction 
filters. 
Using 
the 
Rauch 
filter 
for 
the 
above 
example, 
Cs = 400 pF, C8 = 90 pF, and R = R4 = R6= R7 = 5 KO. 


Fortunately 
the cutoff 
frequency 
for 
the antialiasing 
and 
reconstruction 
filters 
are not 
critical 
since 
capacitors 
can vary 5% and resistors 
can vary 1%. Taking 
into 
account 
component 
tolerance 
for 
our 
example, 
the 
cutoff 
frequency 
can vary worst 
case from 
152 KHz up to 
178 KHz. 


The 
important 
aspects to note 
are that 
one 
must 
first 
determine 
the 
signal to noise 
ratio 
in the 
bandwidth 
of 


interest. 
Based on this bandwidth, 
are there 
any 
frequencies 
that will 
be reflected 
back 
into 
the 
bandwidth 
of interest, 
and if so how 
much 
will 
they 
need 
to be 
attenuated? 
Remember 
that 
frequency 
components 


reflected 
back outside 
of the 
bandwidth 
of interest, 
will 
be filtered 
by the 
MLZlll. 
Since the 
ratio 
of the 
sampling 
frequency 
to the center 
frequency 
is large on the 
MLZlll, 
most 
designs 
will 
not 
need 
an anti-aliasing 
filter, 
and 
if 
they 
do, 
a simple 
two 
pole 
butterworth 
should 
suffice. 


2.4 Signal Reconstruction 


The output 
signal 
of a switched 
capacitor 
filter 
contains 


higher 
frequency 
components 
since 
it is a sampled 
signal. 


Many 
systems can accommodate 
these 
higher 
frequency 
components; 
however, 
if they 
interfere 
with 
the 
system's 


performance, 
then 
a signal 
reconstruction 
filter 
can be 
employed. 


A time 
domain 
and frequency 
domain 
plot 
of the 
output 


from 
the 
MLZlTI 
is given 
in figure 
6. The output 
signal 
changes 
amplitude 
every 
clock 
period. 
These sharp 
transitions 
elicit 
high 
frequency 
components 
in the 
output 
signal. 
Once 
again, 
the 
fact that 
the 
ratio 
of the 
sampling 
frequency 
to the 
input 
bandwidth 
is high, 
reduces 
these 
distortion 
effects. 
As a result 
of the 
sin (x)/x 
envelope, 
the 
higher 
frequency 
components 
are attenuated. 
For 
example, 
assuming 
the 
input 
bandwidth 
is 100 KHz and 
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TIME 


(8) 
SAMPLED 
INPUT 
SIGNAL 
(HIGH 
SAMPLING 
RATE) 


the sampling 
rate is 5 MHz, 
the frequencies 
around 
4.9 


MHz 
are down 
34 dB, and they 
degrade 
towards 
zero as 
the frequency 
reaches 5 MHz. 
A single 
pole 
reconstruction 
filter 
with 
a cutoff 
frequency 
at 200 KHz 
would 
add an additional 
attenuation 
of 27 dB at 4.9 MHz 


but would 
attenuate 
the output 
by 1 dB at 100 KHz. A 


two 
pole 
Butterworth 
as in figure 
Sa or 5b would 
yield 
58 


dB of attenuation 
at 4.9 MHz 
and only 
0.5 dB at 100 KHz. 


3.0 Layout Considerations 


The layout 
of any board 
with 
analog 
and digital 
circuitry 


combined 
mandates 
careful 
consideration. 
The most 


important 
steps in designing 
a low 
noise system are: 


1. All power 
source 
leads should 
have a bypass capacitor 


to ground 
on each printed 
circuit 
board 
(PCB). At least 


one 
electrolytic 
bypass capacitor 
(50 /iF or more) 
per 


board 
is recommended 
at the point 
where 
all power 


traces from 
the ML2111 join 
prior 
to interfacing 
with 


the edge 
connector 
pins assigned to the power 
leads. 


2. Layout 
the traces such that analog 
signal and capacitor 


leads are far from 
the digital 
clock. 


3. Both grounds 
and power 
supply 
leads must have low 


resistance 
and inductance. 
This should 
be accomplished 


by using a ground 
plane 
where 
ever possible. 
Either 


multiple 
or extra 
large plated 
through 
holes should 
be 


used when 
passing the ground 
connections 
through 


the PCB. 


4. Use a separate 
trace for clock 
ground, 
and connect 
it 


to the edge connector 
board 
ground. 


5. Use ground 
plane on both 
sides of PC board. 


6. All 
power 
pins on ICs should 
have 0.1 /iF and a 0.01 /iF 


capacitors 
in parallel 
tied to ground, 
and as close to 


the power 
pins as possible. 


Z 
Stray capacitance, 
lead lengths, 
and traces, on pin 4 
and 17, the negative 
input 
of the op amp, should 
be 


kept 
to a minimum, 
particularly 
for 
high frequency 


filters 
which 
are more 
sensitive. 


1 


s2B + sC + 1 


B = R4R7CSC8 = lIwo2 
R4 = R7 


C = Cs (R4 + R7) = lIQwo 
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Ires 
o 


DC Gain: 
R6 = H(O) [Minimize 
Parasitic C at Node ® 1 
R4 


f 
f 
· 
H(O) (1/B) 
H(O) wo2 
Trans er 
unction: 
------- 
-------- 
s2 + s(C1B) + 1/B 
s2 + s(wo/Q) 
+ wo2 


B = ~R7CaCs 


C = R6R7Ca + Ca(R6 + R7)R4 
R4 


Choose 
Butterworth 
response 
for 
example: 


wo = 21T[170 
KHz] = 1.06 x 106 rad/s 
Q = .707 


say R4 = R7 = R6 = R => 1/wo2 = R2CaCs 


C = RCa + Ca(R6 + R7) = RCa + 2CaR = 3RCa 


=> s::= 
3RCa = _3_ = wo 


B 
R2CaCs 
RCs 
Q 


3Q 
say R = 5 KO 


{ 


Cs =R 
:.Cs = 400 pF 


=> 
w~ 
Ca = 90 pF 


Ca = wo2R2CS 


.............--..•.....•.........•........• '. 


3.1 Clocks and Output Loading 


It is important 
to properly 
terminate 
the 
clock 
input 
to 


prevent 
overshoot. 
Each pin 
has protection 
diodes 
for 


Electro-Static 
Discharge 
(EsD), and any overshoot 
of more 


than 
0.3 to 0.5 volts will 
be injected 
directly 
into 
the 


Ml2111's 
ground 
and/or 
supplies. 
Matching 
the 
characteristic 
impedance 
of the 
line 
will 
prevent 
any 


ringing 
thus 
reduce 
clock 
noise. 


When 
operating 
with 
high 
clock 
frequencies, 
the 
output 


of the 
op amp and 
integrators 
should 
be properly 
loaded. 


Ideally 
these 
outputs-lp, 
Bp, and 
N-Iike 
to drive 
a total 


of 2 to 3 mA 
of peak current 
each. 
Assuming 
the 
output 
voltage 
swing 
is ±2 
volts, 
the 
sum of Rs and 
R6, in mode 


lc 
for 
example, 
should 
be 2 V/2 
mA 
or about 
1,000 ohms; 
assuming 
no other 
resistors 
are connected. 
Sometimes 
this 


is difficult 
to do 
if the 
ratios 
and 
loading 
cannot 
simultaneously 
be achieved. 
In this case an additional 


loading 
resistor 
placed 
as close as possible 
to the 
output 


pin will 
serve the 
purpose 
of properly 
loading 
the outputs. 


4.0 Sweeping 
Filters 


One 
particularly 
nice feature 
of sampled 
data filters 
is the 


fact that 
the 
center 
frequency 
of a filter 
is directly 
related 


to the 
clock 
frequency. 
For a lowpass 
filter, 
increasing 
the 
clock 
frequency 
increases 
the 
cutoff 
frequency. 
Even 
though 
the 
center 
frequency 
increases 
proportionally 
with 


the 
clock, 
Q stays constant. 
Therefore 
in a bandpass 
filter, 


increasing 
the clock 
frequency 
increases 
the 
center 
frequency 
as well 
as the 
bandwidth. 
Table 2 in the 
data 
sheet 
illustrates 
this relationship. 
(Note 
that 
there 
is some 


Q deviation 
as the 
system clock 
goes beyond 
a certain 
value. 
Refer 
to figure 
2E in the 
data sheet for 
a graph 
of 


this phenomenon) 


A good 
rule 
of thumb 
for 
the 
maximum 
rate a filter 
can 


be swept 
is that the 
Sweep 
Rate should 
be less than 
the 
square 
of the 
bandwidth 
of the 
filter. 
This will 
reduce 
attenuation 
of the 
passband 
as a result 
of sweeping 
the 


filter. 
The theoretical 
derivation 
of this approximation 
is as 


follows. 


Assume 
we have a bandpass 
filter 
with 
an in-band 
signal 


that 
starts at t = O. The output 
of the 
filter 
will 


exponentially 
increase 
until 
it reaches 
the 
steady 
state gain 
of the 
passband. 
After 
4 time 
constants 
(T), the 
output 
sine wave 
will 
be at 98% of its final 
amplitude. 


Sweeping 
a filter 
is analogous 
to keeping 
the 
filter 


constant 
and sweeping 
the 
input 
frequency. 
To prevent 


the 
filter 
from 
attenuating 
the 
sweeping 
input 
signal 
by 


more 
than 
2% or 0.16 dB: 


Sweep 
Rate < BW/4T 


but 
the 
time 
constant 
can be approximated 
by: 


T = Q/2rrfo 


Q = fo/BW 
or BW = fo/Q 


substituting 
T and BW into 
equation 
(2) results 
in: 


Sweep 
Rate < 1TBW2/2 
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5.0 High Frequency 
Operation 


There 
are three 
basic modes 
for the ML2111 - 
mode 
1, 2 


and 3. Within 
each mode 
there 
are several variations 
as 


shown 
in the table 
below. 


Mode 
1* 
High 
Frequency 
Mode 


1, 1a, 1d 
fo up to 150 KHz; 
Q up to about 
20** 


1b,1c 
fo up to 100 KHz; 
Q up to about 
30 


Mode 
2 
Flexible 
for Notches 


2, 2a, 2b 
fo up to 30 KHz; 
Q up to about 
30 


Mode 
3 
Most 
Flexible/Low 
Component 
Count 


3,3a 
fo up to 30 KHz; 
Q up to about 
30 


• 
Q and fo have an inverse relationship. This table is only an 
approximation. Adual performance depends on board layout and 


stray capacitance. 
•• 15%or lessQ deviation. Higher Q's can be realized with greater 


deviation. 


Mode 
1 is the only 
mode 
which 
has the input 
amplifier 


outside 
the resonant 
loop. 
This is important 
because the 


input 
amplifier 
reduces 
the bandwidth 
potential 
of the 


filter. 
Only 
Mode 
1 can achieve 
filters 
with 
resonant 


frequencies 
up to 150 KHz. 


Inserting 
an ML2111 into 
an MF10, LMF1oo, or LTC1060 


socket 
and increasing 
the clock 
frequency 
does not 


automatically 
increase the 
bandwidth 
potential 
up to 150 


KHz. If these pin-compatible 
parts were 
designed 
using 


Mode 
1, the bandwidth 
improvements 
would 
be realized; 
however 
if they 
were 
used in another 
mode, 
there 
would 


be limited 
bandwidth 
improvements. 


Complex, 
high 
order 
filters 
usually 
have pole 
pairs with 


different 
center 
frequencies; 
Elliptical 
and Chebyshev 
filters 
are two 
examples. 
To realize 
two 
pole 
pairs in one 


ML2111 with 
different 
center 
frequencies, 
one 
must either 
use two 
different 
clocks, or use a mode 
which 
allows 
the 


center 
frequency 
to be modified 
by external 
resistors. 


Using different 
clock 
frequencies 
to realize poles with 


different 
center 
frequencies 
is not 
recommended. 
Besides 


the additional 
expense 
of providing 
more than 
one 
clock, 
the two 
system clocks may beat with 
each other 
and 


possibly 
result 
in side tones that falls within 
the passband 


of the filter. 
Additionally 
if anti-aliasing 
is needed, 
separate 
anti-aliasing 
filters 
would 
be needed 
for each 


stage. 


Looking 
at tables 1 and 2 in the ML2111 data sheet, one 


can see the modes 
that allow 
the center 
frequency 
to be 


modified 
by external 
resistors. These modes each have an 


additional 
coefficient 
multiplied 
by fCLK/1oo(50). From the 


block 
diagrams 
one can see that the modes which 
allow 


the center 
frequency 
to be modified, 
feedback 
the LP 


output 
using a resistor divider. 
The modes 
that restrict 
the 
ratio 
to 50 or 100 have a unity 
gain LP feedback. 


If the coefficient 
multiplied 
by fCLK/1oo(50) is greater 
than 


or equal 
to 1, as in Mode 
1b, then 
the ratio 
of fCLK to fo 
can be less than 50 or 100. Whereas 
if this coefficient 
is 


less than 
or equal 
to 1, then 
the 
ratio of fcLK:fo can be 


greater 
than or equal to 50 or 100. Reducing 
the ratio 
of 


fCLK to fo to less than 40 to 50 is not 
recommended. 
As 


the 
ratio of the sampling 
frequency 
to the center 
frequency 
is reduced, 
the approximation 
of a sample 
data 


filter 
to a continuous 
filter 
is reduced. 
Aperture 
effects 


increase, 
aliasing effects 
may increase, 
harmonics 
in the 


output 
increase, 
and the warpage 
between 
the discrete 
and the continuous 
filter 
increase. 
40 to 50:1 is the 


minimum 
recommended 
ratio 
of fCLK to fo. 


Based on the above 
arguments 
one 
might 
conclude 
that 


100:1 is better 
than 50:1. In general 
this is true 
for 


switched 
capacitor 
filters, 
but 
not for the ML2111. The 


specifications 
in the data sheet show 
that a 50:1 ratio 


provides 
a more 
accurate 
Q than a 100:1, and a 50:1 ratio 
allows 
higher 
frequency 
filters. 


Mode 
3 is the most flexible 
since the center 
frequency 


can be greater 
than or less than 
fCLK/1oo(50) by selecting 


R2 and R4. Its also the most efficient 
since it has the 


lowest 
component 
count. 
However 
mode 
3 can only 


work 
up to 30 to 40 KHz or Qs up to the 10 to 30 range; 


higher 
fo can be obtained 
with 
lower 
Qs. Sometimes 
a 
small capacitor 
(C4) across R4 can compensate 
the filter 


response 
and offer 
less Q deviation. 
The value 
should 
be 
selected 
by setting 
C4 equal 
to 112rrR4BW 
where 
BW is 
approximately 
equal 
to 2 to 4 MHz. 


Another 
reason mode 
3 can only 
be used at lower 
frequencies 
is that there 
is a true 
sample 
and hold 
at the 


positive 
input 
of the summer. 
This sample 
and hold 
adds 


a Z2 degree 
delay at the center 
frequency 
when 
using a 


50:1 ratio (360°/50). 
By using a higher 
ratio this delay 
is 


lowered. 
Since the ML2111 allows 
a higher 
system clock 


than 
other 
competing 
devices, 
this delay can usually 
be 


made smaller 
for similar 
center 
frequencies. 


In conclusion, 
for 
high frequency 
filters 
use Mode 
1. For 
complex 
filters 
with 
various 
center 
frequencies 
use Mode 


1c. In most cases one should 
choose 
50:1 over 
100:1 ratio 


for 
more 
accurate 
Q's and center 
frequencies. 


5.1 A Flexible Building Block 


Figure 7 shows the block 
diagram 
of a second 
order 


section 
which 
includes 
both 
a complex 
pole 
pair and a 
complex 
zero 
pair. The poles are provided 
by the ML2111 


and the zeros realized 
by one 
and sometimes 
two 
external 
op amps. This building 
block 
uses mode 
1c 


which 
allows the poles to have a center 
frequency 
based 
on external 
resistors as well 
as the clock, 
plus it can be 


used in higher 
frequency 
filters 
since the op amp is 


outside 
of the resonant 
loop. 
The same feed forward 


circuit 
can be used on other 
modes 
as well, 
but for 
high 


G~Micro Linear 


Application Note 4 


frequency 
filters, 
where 
each complex 
pole 
pair 
has a 


different 
center 
frequency, 
mode 
1c is the best choice. 
As 


mentioned 
before, 
only 
when 
Butterworth 
filters 
are 


desired, 
use mode 
1 to achieve 
higher 
frequencies 
and a 


higher 
dynamic 
range. 
The transfer 
function 
for 
the 


flexible 
building 
block 
is given 
below. 


At least one 
and sometimes 
two 
external 
op amps are 
required 
to realize 
the zeros. 
The first op amp 
serves as 


an inverter, 
while 
the second 
one 
sums the 
input 
signal 


with 
the 
lowpass 
and bandpass 
outputs. 
A fast op amp 


should 
usually 
be used with 
greater 
than 
10 MHz 


bandwidth 
to minimize 
signal 
phase shifts. Depending 
on 


the 
application, 
sometimes 
a slower 
amplifier 
will 
suffice. 


In some 
cases no external 
op amp 
is necessary and the 
second 
op amp 
in the 
ML2111 if not 
being 
used will 


suffice. 
This was done 
in figure 
34 in the 
data sheet. 


With 
the 
Flexible 
Building 
Block 
a lowpass, 
high pass, 
notch, 
and ;;lIpass section 
can be realized 
by properly 


positioning 
the 
zero 
locations. 
Zero 
locations 
are chosen 


by selecting 
the 
appropriate 
resistors. 
The difference 
between 
the 
lowpass output 
provided 
by the 
ML2111 in 


mode 
1c and the 
lowpass 
function 
realized 
by the 
flexible 
building 
block 
is that 
in mode 
1c the 
response 
is 
monotonically 
decreasing, 
while 
the 
Flexible 
Building 


Block 
has a complex 
zero 
pair which 
inserts a ripple 
in 


the 
stop 
band 
and flattens 
out 
at high 
frequency. 


Since the 
Flexible 
Buidling 
Block 
uses mode 
1c, the 
pole 
equations 
remain 
the 
same whether 
there 
is feedforward 


or 
not. 
What 
changes 
is the 
zero 
location 
and the 
DC 


gain. 
The following 
equations 
are used to determine 
the 
pole 
locations 
and Q for the 
Flexible 
Building 
Block, 
which 
uses mode 
1c. 


A handy 
set of equations 
to convert 
pole 
and zero 


locations 
given 
in rectangular 
coordinates 
to fa and Q 


values 
is as follows: 


Complex 
Pole = u + jw; 


Juz 
+ w2 
1 


fa = 
-- 
Q = - J1 + (w/u)2 


2rr 
2 


By cascading 
several 
of these 
building 
blocks, 
complex 


high 
frequency 
Elliptical 
filters 
can be realized. 


5.2 Lowpass 


For a low pass design 
with 
a notch, 
the 
zeros 
should 
be 


placed 
on the jw 
axis at frequencies 
greater 
than 
the 


poles' 
center 
frequency. 
In the 
numerator 
of the 
transfer 


function 
for equation 
6, the 
coefficient 
for 
SWl 
should 
be 


. 
R3 
R18 
set to zero; 
setting - 
= -. 
R1 
R17 


Since ~ 
w,z = waz, the 
coefficient 
Rs + R6 


RzR1ZR17 ( 
Rs ) 
1 +--- 
1 +- 
determines 
the 
center 
frequency 
of 


R1RllR19 
R6 
the 
zero. 
In this form 
it is always greater 
than 
one, 


therefore 
the 
center 
frequency 
of the zero 
is always 


greater 
than 
the center 
frequency 
for 
the 
poles; 
hence 
a 


lowpass 
filter. 
The pole/zero 
location 
and the 
frequency 
response 
are shown 
below. 


"Micro 
Linear 


Application Note 4 


A 


HOlP~ 
:~I~rJ~ 


fo 
fz 
f 


FREQUENCY DOMAIN 


S-PLANE 


Equations 
for the lowpass configuration: 


(~)2 -1 


The ratio of the zero 
to the pole 
frequency 
determines 
the 
DC to high frequency 
attenuation. 


When 
the zeros are at the same frequency 
as the poles 
the bi-quad 
becomes 
a notch, 
and there 
is no difference 
between 
the high frequency 
and low frequency 
gain. The 
larger the difference 
between 
the pole and zero 


frequencies, 
the greater 
the rejection. 
Figure 8 illustrates 


the 
relationship 
between 
pole/zero 
location 
and gain. 


A 


Rl0 
x (!!)2_ 


R17 
fo 


5.3 Highpass 


For a high pass filter 
the zeros must be less than the 
center 
frequency 
for the poles. The pole/zero 
plot 
and 


the frequency 
plot 
are shown 
below. 


R,.(!!)2{hr 


R17 
fo 
: 


I 
I 
I 


To place the zeros at a lower 
frequency 
than the 
poles 


R2R12R17 
( 
Rs ) 
the coefficient 
1 + --- 
1 + - 
must be less than 


R1R11R19 
R6 
one. This can be done 
by removing 
the inverter 
in figure 
7, which 
makes the sign of R19 negative. 
To place the 
.. 
. 
R3 
R18 
. 
zeros on the JW aXIS,once 
again - 
= - 
. Equations 
for 


R1 
R17 


Even though 
mode 
1c provides 
a notch 
output, 
the 
notch 


realized 
by the flexible 
building 
block 
achieves 0 dB of 
gain at DC and at high frequencies 
regardless of the Q 
value. The problem 
with 
the notch 
in mode 
1c is that 


~ 


6 
HON1 
(f - 
0) = HON2 
(f - 
fClK/2) 
= 
--- 
Rs + R6 


Q 
As Q increases HON12 must decrease 
otherwise 
the 


bandpass output 
node, 
BP pin 2 or 19, will 
saturate. 
The 


restriction 
is that HoBP = 1 = -R3/R1. 
Let's take a simple 
case when 
Rs = 0, then 
HON1 
= HON2 
= 1/Q. 
The plot 


below 
shows the notch 
for different 
Q's in mode 
1c. 


A 


·"1 


-... 


-30 dB 


-Q() dB 


To realize 
the notch 
using the Flexible 
Building 
Block the 
zeros must be placed on the jw axis at the same resonant 
R3 
R18 
frequency 
as the poles. Therefore 
from 
equation 
6, - 
=- 
R1 
R17 
and R19 - 
00. Setting 
R19 equal 
to infinity 
means removing 


it from 
the circuit; 
which 
saves an op amp and a few 


resistors. H08P still must equal 
one, 
however 
the gain at 


DC and fClK/2 
is independent 
of Q; 
HON1 
(f - 
0) = HON2 
(f - 
fClKI2) 
= -R101R17. 
Tuning 
R18 adjusts the depth 
of 


the notch. 
See figure 
34 in the data sheet for an example. 
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5.5 Allpass Equalizer 


An 
allpass filter 
is used to linearize 
the filter's 
phase 


response. 
A linear 
phase response 
results 
in a constant 
group 
delay. An allpass filter 
keeps the gain constant 
and 


just shifts the 
phase. To keep 
the 
gain constant 
and only 
shift 
the 
phase, the 
poles and zeros 
must be equal 
but 
on 


opposite 
sides of the s-plane 
as shown 
below. 


jw 


¥--- 
--(j) 
I 
I 
I 
I 


I 
I 
U 


I 
I 
~--- 
- -0 


S-plane 
representation 
of 


2nd order 
Allpass Filter 


The 
Flexible 
Building 
Block 
can function 
as an allpass 
R17R3 
. 
when 
R19 - 
00 and -- 
= 2. The Transfer 
function 
for 


R1BR1 


5.6 Frequency 
Compensation 


In some 
cases it is possible 
to improve 
the Q accuracy 
and 
minimize 
Q deviation 
by adding 
a capacitor 
(Cs) in 


parallel 
with 
Rs in figure 
Z This capacitor 
serves as 
compensation 
for a pole 
at around 
2.4 MHz 
in the 
output 


of LP. The zero 
location 
should 
be placed 
at around 
2.4 


MHz, 
where 
the 
internal 
pole 
is. Unfortunately 
Cs adds a 
pole 
as well 
as a zero 
to this branch. 
If this pole 
is too 
close 
to the 
zero, 
the 
benefit 
of Cs is diminished. 
The 
zero 
location 
is: fz = 1121TRsCsand the 
pole 
location 
is: fp 
= 1I21T(Rs II R6)CS, 
(Rs II R6 is the 
parallel 
equivalent 


resistance). 
The 
larger 
the 
ratio 
of the 
pole 
frequency 
to 
the 
zero 
frequency, 
the 
better 
this capacitor 
will 
serve. 


The 
highest 
center 
frequency 
attained 
is when 
Rs equals 
zero. 
(Note: 
Practically 
speaking 
Rs should 
never 
be zero, 
to allow 
fine 
tuning 
of fo.) Unfortunately 
Cs cannot 


properly 
compensate 
the 2.4 MHz 
internal 
pole 
with 
a 
negligible 
value 
for 
Rs. To overcome 
this problem, 
compensation 
can be achieved 
at high 
frequencies 
using 
an op amp 
in the 
LP feedback 
branch 
as shown 
in 


figure 
10. 


The center 
frequency 
in mode 
1c is calculated 
by the 
following 
equation: 


felK 
= ~ 
where 
k = Transfer 
function 


fo 
Jk 
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R 
With 
a passive feedback 
loop 
using 
Rs and R6, k = -R 
6 
R 


. 


s+ 
6 


However 
when 
using 
the 
op amp 
configuration 
as in 


figure 
10, k = (_R_6_) 
(1 + RB ). When 
k = 1 the ratio 
is 50. 


Rs + R6 
R7 
Using 
active 
feedback 
in mode 
1c has the 
unique 
advantage 
of allowing 
the 
ratio 
of clock 
to center 
frequency 
to be less than 
50 by setting 
k greater 
than 
1. 


It is not 
recommended 
to use ratios 
less than 
40-50, 


however 
this feature 
does allow 
more 
freedom 
in tuning 
the 
center 
frequency 
of the 
pole 
above 
or below 
the 
ratio 
of 50. If the 
circuit 
uses a crystal 
for fClK, 
and the 


pole 
needs 
to be tuned, 
RB could 
be a potentiometer 
to 
allow 
tuning 
of the 
pole. 
For this compensation 
to work 


~ 
. 
I 
- 
should 
be 4-9 to provide 
phase 
lead before 
phase 
ago 
R7 


Figure 10: Compensation 
Using Active Feedback 
for High 


Frequency 
Poles 


Cs = 33-66pF (Depends 
on board's 
parasitics) 
RB = 18000; 
R7 = 200 


R6 = 1000, 
Rs = 9000 


Using 
mode 
1 instead 
of mode 
1c as configured 
in figure 
7, is a better 
solution 
for 
high 
frequency 
poles; 
however 


there 
are certain 
cases where 
mode 
1 cannot 
be used. For 
example, 
if one 
of the two 
bi-quads 
in the 
ML2111 is 
already 
used in mode 
1c, then 
the 
other 
one 
must 
also 
operate 
in mode 
1c. It would 
be less expensive 
to add an 
op amp 
to the 
second 
bi-quad 
of an existing 
ML2111 than 
to add an additional 
ML2111 just to use one 
bi-quad 
operating 
in mode 
1. 


Figure 
11a shows the Q accuracy 
vs. clock 
frequency 
in 


mode 
1c using 
passive feedback 
for a Q approximately 
equal 
to 10. Q inaccuracy 
dramatically 
increases 
just 
beyond 
100 KHz center 
frequency. 
Figure 
11b shows Q 
accuracy 
vs. center 
frequency 
in mode 
1c using 
active 
feedback 
with 
a DC transfer 
function 
of 1. The op amp 


used for this measurement 
was an AD5539, 
where 
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R8 
Rs 
9 Th' 
. 
d 
h' 
b 
. 
h 
- 
= - 
=. 
IS op amp IS a goo 
c Olce 
ecause It 
as 
R7 
R6 
a wide 
bandwidth, 
220 MHz, 
and is low cost. The figure 
shows that 0 deviation 
does not dramatically 
increase 
until 
well 
beyond 
120 KHz; 
therefore 
for higher 


frequency 
operation 
and high 0, the use of mode 
1c 
with 
active 
feedback 
is recommended. 


30 


20 
Z0~ 
~ 10 


'"as 
0- 
" 


I 
I 


./ ~ 
/ 
"'- / 
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3.0 
3.6 
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'-/ 
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" 
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~ 
u 
u 
u 
U 
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U 
U 
U 
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R3 
Cs = 33pF; R; = 10; Rs = 0; R1 = R3 = 20K 


The previous 
section 
described 
how to use the 
Flexible 


Building 
Block 
to implement 
lowpass, 
highpass, 
notch, 


and all pass 5econd 
order 
sections. 
Higher 
order 
filters 
are 
achieved 
by cascading 
these second 
order 
sections. 
For 
example 
an Elliptical 
notch 
is accomplished 
by cascading 


lowpass and highpass sections 
as shown 
in figure 
12. 


An 
Elliptical 
bandpass is also a combination 
of high pass 
and lowpass sections, except 
for a bandpass filter 
the 
cutoff 
frequency 
for the highpass 
bi-quads 
are lower 
than 


the cutoff 
frequency 
for the lowpass. 


HIGH PASS 
CASCADED 


BI-QUAD 
COMBINATION 
-'boc 


Once 
the pole 
and zero 
location 
have been 
determined 
for the filter 
desired, 
the next step is to choose 
the 


proper 
mode 
of operation 
and translate 
the center 


frequency 
and 0 values for each pole 
and zero 
into 


resistor 
values. If the pole 
and zero 
locations 
are given 
in 
real and imaginary 
values, they 
can be converted 
to fa 
and 0 by using equation 
Z 


For center 
frequencies 
between 
0 and 20 KHz, either 
mode 
3 or mode 
1c can be used. Sometimes 
mode 
3 or 


mode 
3a will 
result 
in a lower 
component 
count. 


However 
mode 
3 should 
be used with 
caution 
since high 


Os and high 
parasitic capacitance 
on pin 4 and 17 can 


lead to oscillations. 
This can usually 
be compensated 
by 


using a capacitor 
across R4, which 
provides 
some 
phase 


lead, and low value resistors such as 1-2 Kohms. 


For center 
frequencies 
between 
20 to 100 KHz, where 
each pole 
has a different 
center 
frequency, 
mode 
1c 
should 
be used. This range 
can be extended 
up to 


120 KHz with 
active compensation 
in the lP feedback 
path as shown 
in figure 
11b. The combination 
of high 
Os 
(20 to 30), and high 
frequencies 
(above 80 to 100 KHz), 
and parasitic 
capacitance 
across R6, can lead to 
oscillations. 
This can be dealt 
with 
by placing 
a capacitor 
Cs across Rs, or by using active 
compensation. 


Additionally 
the signal swing 
should 
be limited 
to about 
1 


to 1.4 volts peak-to-peak. 
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For filters 
where 
fo is the same for 
all pole 
locations, 
such 


as Butterworth, 
low pass or 
Highpass. 
High 
order 
filters 
with 
cutoff 
frequencies 
up to 150 KHz can be realized 


using 
mode 
1. In this case the 
signal level 
can be 
increased 
to 2.82 volts peak-to-peak. 


7.0 Design Example 


The following 
is an example 
an eighth 
order 
Elliptic 
bandpass 
filter 
with 
a center 
frequency 
of 90 KHz and a 
bandwidth 
of 19 KHz. This filter 
was designed 
built 
and 


tested 
on 
its own 
printed 
circuit 
board. 
A print 
of the 


masks for 
the 
PCB, and a photograph 
of the performance 
of the 
filter 
is included 
at the 
end 
of this section. 


In general, 
high 0 filters 
(Elliptic 
and Chebyshev) 
will 


have higher 
sensitivity 
to component 
and temperature 


variations 
and 
higher 
noise 
than 
low 0 filters 
such 
as 


Butterworth 
and Bessel. 


a) 
8th Order 
Elliptic 
Bandpass with 
the 
following 
Filter 


characteristics: 


Amax: 
0.5 dB (peak 
to peak 
passband 
ripple) 


Amin > 50 dB (stopband 
attenuation) 


(f1, f1) Passband: 
81,000 to 100,000 Hz 


(geometrically 
symmetric) 
=> fc2 = f1 x f1 


(fel Center: 
90,000 Hz 


Stopband: 
70.5 KHz to 115 KHz 


b) 
Obtain: 


1 


fm = 80839 Hz 


Poles 
f02 = 85820 Hz 


f03 = 94383 Hz 


f04 = 100200 Hz 


01 = 30.2 
01 = 10.86 
03 = 10.86 
04 = 30.2 


1 


fza = 69185 Hz 


Zeros 
fzb = 50082 Hz 


fzc = 117080 Hz 


fzd = 161733 Hz 


c) 
After 
considering 
a few 
pole-zero 
pairing 


combinations 
the 
following 
(not 
necessarily 
optimum) 
combination 
was adopted. 


Section 
1 
HP 


Section 
2 
LP 
Section 3 
HP 
Section 
4 
LP 


Because 
of difficulty 
in solving 
equations 
first 
order 
equation 
were 
calculated 
and final 
values found 
by 
using 
potentiometer. 
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d) 
Choose 
fClK = highest 
fo = 100200 


@ 50:1 => 50fo = 5.01 MHz. 
Choose 
- 
10% higher 
fnK = 5.5 MHz. 
It's better 
to choose 
a slightly 
larger 
fClK to be able to adjust 
Rs. 


Design 
Procedure. 


Section 
1. *) Want 
a ratio = 
5.5 MHz 
== 68 = R 
80839 Hz 
t 
H 


s 
Rs 
in Mode 
1c Rt = 50 x 
1 +- 
=> 1 +-= 
1.8516 


R6 
R6 
Assume 
Rs + R6 = 1000 0 


then 
1 + Rs = 1000 = 1.8516 


R6 
R6 
=> R6 == 5400 
(fixed 
R) 


=> [Rs = R6 (1.8516 - 1) == 460 OJ [1000 0 trim 
potj 


*) Want 0 = 30.2 use following 
approximation: 


o V1 + Rs (Note) 


R3 = 
R6 
; where 
fx = 2.4 MHz 


R2 
1 + O(fo/fx) 
(internal 
pole) 


== 20.4 => assume R1= 2000 0 
and 
R3 = 40.7 KO (100 K trim 
pot) 
and 
initially 
assume R1 = R3 = 40.7 KO 


*) Zero. 
Use the following 
approximation. 


fza = 69185 Hz 


R17 == 
1 - (fz/fo)l 


R19 


1 - (69185/80839)1 
------ 
= 2.89 


1120 x 1.8516 
R1 ( 
RS) 
- 
1+- 


R1 
R6 


Since R19 loads the lP output 
then 
assume R19 > 50000. 
Also 
since 
later we will 
fine 
tune 
the 
gains this 


relationship 
will 
slightly 
change. 
Thus, initially 
assume 
a higher 
R17 which 
can be change 
later 
if needed. 


Choose 
R17 ~ 
30 KO (fixed 
R) 
and 
R19 = 10 KO (20 KO trim 
pot) 
choose 
R18 = R17 (initially) 
and 
R10 = R17 x G1 = 30K x .123 = 3690 0 
(fixed 
R) 


(Note: 
This is a first order 
approximation 
that 
underestimates 


the value of Q, whose 
final value will be tuned 
in later in the 


breadboard 
stage.) 


1. By looking 
at the 
bandpass 
output 
adjust 
Rs until 
the 
peak 
frequency 
is fo, in this case 80839 Hz 


2. Then 
adjust 
R3 until 0 = 30.2 


3. Then 
change 
R1 until 
the 
peak 
of the 
bandpass 
or 


low pass output 
(larger 
of the 
two) 
is about 
0 dB. 


R1 does not 
need 
to be a trim 
pot. 


4. Now 
by looking 
at the 
output 
of the 
section 
adjust 


R19 to place the 
zero 
at the 
correct 
frequency 
(in 
this case 69185 Hz) 
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5. Adjust 
R18 to obtain 
a deeper 
notch. 
Sometimes 
R18 is not 
needed 
at all and 
can 
be removed 
from 


the 
circuit. 


6. 
Check 
the 
high 
frequency 
gain 
so that 
it is 
G1 = .1231 


7. 
Design 
the 
rest of the 
sections 
the 
same way 


8. 
Keep 
R10 of first 
section 
as a trim 
pot 
to slightly 


trim 
gain 
of the 
whole 
filter 
(if important 
in the 
application). 


For this 
design 
these 
are the 
final 
values: 


Section 
1. 


R1 = 94.5 KO 


R2 = 2 KO 
R3 = 66.2 KO (100 K pot) 
Rs = 452 0 
(1 KO pot) 
R6 = 540 0 


R1 = 65 KO 
R2 = 2 KO 
R3 = 47.4 KO (100 K pot) 
Rs = 170 0 
(500 0 
pot) 
R6=8300 


R1 = 31.5 KO 


R2 = 2 KO 
R3 = 23.3 KO (50 K pot) 
Rs = 389 0 
(1 KO pot) 
R6 = 600 0 


R1 = 25 KO 
R2 = 2000 0 
R3 = 21.4 KO (50 K pot) 
Rs = 279 0 
(500 0 
pot) 
R6 = 732 0 


R10 = 3.83 KO 
R17 = 32.4 KO 
R18 = 15 KO· 


R19 = 4.65 KO 


HlP 
PEAK = 1.1512 (+1.22 dB) 


H8P 
PEAK = .846 (-1.45 dB) 


R10 = 14.34 KO 
R17 = 28.7 KO 
R18 = 00 


R19 = 2.9 KO 


HlP 
PEAK = 1.12 (+.984 dB) 


H8P 
PEAK = .972 (-.247 
dB) 


R10 = 9.05 KO 
R17 = 40 KO 
R18 = 16.86 KO 
R19 = 6.35 KO 


HlP 
PEAK = 1.074 (+.62 dB) 


H8P 
PEAK = .834 (-1.58 dB) 


R10 = 12 KO 
R17 = 99.97 KO 
R18 = 
00 


R19 = 6 KO 


HlP 
PEAK = 1.12 (+.924 dB) 


H8P 
PEAK = .953 (-.418 dB) 


When 
placing 
resistors 
in and 
out 
of the 
ML2111 filter 


circuit, 
specifically 
R3, the 
filter 
will 
oscillate 
at fo due 
to 
the Q going 
to 
infinity. 
Also 
when 
designing 
high 


frequency 
high 
Q filters, 
such 
as fo = 100 KHz 
and Q = 30 


like 
pole 
#4, high 
voltage 
swings 
may cause 
nonlinear 


operation 
provoking 
oscillations. 
Changing 
fClK 
momentarily 
to a much 
lower 
value 
will 
restore 
the 
filter 


to 
a stable 
linear 
operation. 
Thus 
it is important 
for 
high 


frequency, 
high 
Q filters 
to 
limit 
the 
input 
signal 
swing 
to 
about 
500-700 
mV 
peak. 


7.1 Performance Measurements, 
Schematics 
and 
PCB Layout 


Figure 
13: Frequency 
Response 
of Eighth Order 
Elliptic 
Filter. 


The 
center 
frequency 
is at 90 KHz 
with 
the 
lower 
cutoff 
at 81 KHz 
and 
the 
upper 
cutoff 
at 100 KHz. 
The 
stopband 
is down 
-55 
dB at 70.5 KHz 
and 
115 KHz. 
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A constant 
group 
delay can be achieved 
by adding 
allpass 


equalizer 
sections 
to this filter. 


This plot 
shows that the pole/zero 
pairing 
and order 
of 


the bi-quad 
sections chosen 
was not optimum 
as far as 


noise is concerned. 
The plot 
shows that the upper 
band 


edge 
of noise is higher 
than 
the lower 
band 
edge. 
A 


different 
combination 
of pole/zero 
pairing 
and order 
pairing 
would 
have yielded 
a flatter 
noise response 
and 


possibly 
a lower 
noise value; 
which 
would 
have then 


improved 
the SIN ratio. The current 
design 
yields SIN of 
about 
40 dB assuming a noise bandwidth 
from 
1 KHz to 


179 KHz. Input 
voltage = 353 mV,ms, output 
noise voltage 
= 3.14 mVrms' 


G~Micro Linear 


C22 


C2~ 


+~~~~r 
G1W~ 


Application Note 4 


(-I 
(-I 
o 


:-, 


"Micro 
Linear 


Part # 
Value 
Note 


Resistors 


R1A 
1 KO 


R2A 
500 0 


R3A 
1 KO 


R4A 
1 KO 


R5A 
500 0 


R6A 
1 KO 


RllA 
94.5 KO 


R12A 
2 KO 


R13A 
66.2 KO 
100 KO Pot 


R15A 
4520 
1 KO Pot " 
R16A 
540 0 


R17A 
32.4 KO 


R18A 
15 KO 


R19A 
4.65 KO 
10 KO Pot' 
Rll0A 
3.83 KO 
10 KO Pot' 
RlllA 
OPEN 


Rl12A 
OPEN 
Rl14A 
OPEN 


RAA 
100 0 


RAB 
100 0 


R210A 
14.3 KO 


R211A 
5 KO 


R212A 
5 KO 


R214A 
2.5 KO 


R21A 
65 KO 


R22A 
2 KO 


R23A 
4Z4 KO 
100 KO Pot 
R25A 
1700 
500 0 Pot" 
R26A 
830 0 


R27A 
28.7 KO 


R28A 
OPEN 
R29A 
2.9 KO 
10 KO Pot' 


R1B 
1 KO 


R2B 
500 0 
, 


R3B 
1 KO 


R4B 
1 KO 


R5B 
500 0 


R6B 
1 KO 


Rll0B 
9.05 KO 


RlllB 
OPEN 


Rl12B 
OPEN 
. 


Rl14B 
OPEN 


RllB 
31.5 KO 


R12B 
2 KO 


R13B 
23.3 KO 
50 KO Pot 


R15B 
3890 
1 KO Pot" 
R16B 
6000 


R17B 
40 KO 


R18B 
16.86 KO 


R19B 
6.35 KO 
50 KO Pot' 


Part # 
Value 
Note 


Resistors (Continued) 


R210B 
12 KO 
R211B 
5 KO 
R212B 
5 KO 
R214B 
2.5 KO 
R21B 
25 KO 
R22B 
2 KO 
R23B 
21.4 KO 
50 KO Pot 


R25B 
2790 
500 0 Pot" 


R26B 
732 0 
R27B 
100 KO 
R28B 
OPEN 
R29B 
6 KO 
100 K Pot' 


Capacitors 


C15A 
OPEN 
C25A 
OPEN 


C15B 
OPEN 


C25B 
OPEN 
Cl 
100 /iF 
bypass 


C3 
100 /iF 
bypass 


C4 
0.1 /iF 
bypass 
C5 
0.1 /iF 
bypass 
C6 
0.1 /iF 
Ul bypass 
C7 
0.01 /iF 
Ul bypass 
C8 
0.1 /iF 
Ul bypass 
C9 
0.01 /iF 
Ul bypass 
Cl0 
OPEN 
U2 bypass 
C12 
OPEN 
U2 bypass 
C13 
OPEN 
U2 bypass 


C14 
OPEN 
U2 bypass 
C16 
0.1 /iF 
U3 bypass 
C17 
0.01 /iF 
U3 bypass 
C18 
0.1 /iF 
U3 bypass 


C19 
0.01 /iF 
U3 bypass 
C20 
0.1 /iF 
U4 bypass 


C21 
0.01 /iF 
U4 bypass 


C22 
0.1 /iF 
U4 bypass 


C23 
0.01 /iF 
U4 bypass 


C24 
0.1 /iF 
U5 bypass 


C26 
0.01 /iF 
U5 bypass 


C27 
0.1 /iF 
U5 bypass 


C28 
0.01 /iF 
U5 bypass 


C29 
0.1 /iF 
U6 bypass 


C30 
0.01 /iF 
U6 bypass 


C31 
0.1 /iF 
U6 bypass 


C32 
0.01 /iF 
U6 bypass 


C33 
OPEN 
U7 bypass 


C34 
OPEN 
U7 bypass 


C35 
OPEN 
U7 bypass 


C36 
OPEN 
U7 bypass 
C37 
0.1 /iF 
U8 bypass 


C38 
O.01/iF 
U8 bypass 
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Part # 
Value 
Note 


Capacitors 
(Continued) 


C39 
0.1 /iF 
U8 bypass 


C40 
0.01 /iF 
U8 bypass 


C41 
0.1 /iF 
U9 bypass 


C42 
0.01 /iF 
U9 bypass 


C43 
0.1 /iF 
U9 bypass 


C44 
0.01 /iF 
U9 bypass 


C4S 
0.1 /iF 
Ul0 bypass 


C46 
0.01 /iF 
Ul0 bypass 


C47 
0.1 /iF 
Ul0 bypass 


C48 
0.01 /iF 
Ul0 bypass 


Jumpers 


j1A 
IN 


j2A 
OUT 
j1B 
IN 
j2B 
OUT 


Part # 
Value 
Note 


ICs 


Ul 
Ml2111CCP 
U2 
OPEN 


U3 
lM318H 


U4 
lM318H 


US 
lM318H 


U6 
Ml2111CCP 


U7 
OPEN 
U8 
lM318H 


U9 
lM318H 


Ul0 
lM318H 
. 


Miscellaneous 


20 
scope 
probe 
sockets 
3 
BNC connectors 
3 
female 
banana 
plugs 
2 
20 pin low profile 
sockets 


• 
Gain 
and 
zero 
frequency 
adjustment. 
May 
not be 
needed 
if application 
can tolerate 
slight variations 
in stop 
band . 
•• 
RS - In most 
cases RS can 
be replaced 
by a 1% resistor 
after 
trimming 
has been 
done. 
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I 
- 
IClK 1&6 
Q 
R31&6 
N--- 
--" 
=- 
--- 
100(50) 
Rs + R6 ' 
R2 
Rs + R6 


HON1 
(I - 
0) = HON2 
(I -_ ICLKI2) = _ R10 ; R3 = R18 


R17 
R1 
R17 


_~ Micro Linear 


Application Note 4 


VBP 
Wl 
VlP = 
-- 
S 


f 
_ fClK 2rr 


1------so 


fo = V 
R6 
fClK 2rr 


RS + R6 
50 


W = 2m 


SWl 
V1N 


R2 
R6 
s2 + - 
sWl + --- 
w/ 


R3 
Rs + R6 
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ML2200, ML2208 Software Driver 


This application note presents a very simple software 
driver for the ML2200/ML2208 Data Acquisition 
Peripheral. As mentioned in the data sheet, under 
section 6.0 "Methods of Data Transfer to the 
Microprocessor", there are several ways to handle the 
AID converted data output from the ML2200/ML2208; 
1) Data on Demand, 2) Polling; 3) Interrupt, or 4) DMA. 
This application note presents a driver for Data on 
Demand. 


An application using Data on Demand requires the 
AID converted data at arbitrary times, as opposed to 
the other three methods of data transfer which 
requires the microprocessor to periodically read the 
data. The ML2200/ML2208 
operating in a Data on 
Demand mode is not running continuously. Data on 
Demand would be more characteristic of a data 


acquisition application rather than a signal processing 
application which would need to sample a signal 
periodically 
in order to be able to reconstruct it. 


The driver is written in pseudo code, which is no 
particular language but should be easily translatable to 
any computer 
language. It is a step-by-step process of 


reading and writing values to ML2200/ML2208 
registers. 


Four modules are covered: Initialization, Activate 
Conversion and Read Data, Self Test Diagnostic, Self 
Calibration Diagnostic, Power Down and Power Up 
Modules. Initialization covers power-up procedures 
and optionally 
may call Self Test and Self Calibration 


Diagnostic modules. Activate Conversion is the steady 
state module that is called each time the AID data is 
desired. Power Down and Power Up are used only if 
this capability is desired. 


1) 
Power on 


2) 
Write (40H) to Control Register 


3) 
Write (80H) to Control Register 


4) 
Wait 16,520 external clocks 


5) 
Read Status Register 


6) 
Is CLCP = 1, Yes: continue, No: go back to step 5 


7) 
Write (40H) to Interrupt Acknowledge 
Register 


-) 
Call (Self Calibration Diagnostic Module) 


8) 
Write (88H) to Index Register 


9) 
Write (08H) Window 
High Reg 
10) 
Write (26H) Window 
Low Reg 
11) 
Write (01H) Window 
High Reg 
12) 
Write (26H) Window 
Low Reg 


13) 
Write (02H) Window 
High Reg 
14) 
Write (26H) Window 
Low Reg 
15) 
Write (03H) Window 
High Reg 
16) 
Write (26H) Window 
Low Reg 
17) 
Write (04H) Window 
High Reg 
18) 
Write (26H) Window 
Low Reg 


19) 
Write (05H) Window 
High Reg 


20) 
Write (26H) Window 
Low Reg 


21) 
Write (06H) Window 
High Reg 


22) 
Write (26H) Window 
Low Reg 


23) 
Write (87H) Window 
High Reg 


24) 
Write (26H) Window 
Low Reg 


; Reset 
; Set Calibration 


; CLCPAK 
; OPTIONAL 


; Point to first 
; instruction 
RAM use 


; auto increment 
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26) 
Write (OBH)to Control 
Reg 
27) 
Call (Self Test Diagnostic Module) 


; each"conversion and 
; put in DMA mode to 
; facilitate reading 
; data. 
; Set Run bit 
; OPTIONAL 


Activate 
Conversion and Read Data Module 


(Called each time AID converted data is desired) 


1) 
Read status register 


2) 
Is ISQ = 1? Yes: continue, No: go back to step 1 


3) 
Write (10H) to Interrupt Acknowledge 
Reg 
4) 
Wait (8 x 31.4IJ.S= 251.2IJ.s) 
5) 
Read status register 


6) 
DBR = 1? Yes: continue; No: go back to step 5 


7) 
Read Window 
Low Register save as High Byte 
Read Window 
Low Register save as Low Byte 
8) 
Go back to step 7 seven more times 
9) 
Return 


; DMA mode allows 
; IJ.Pto read High and 
; Low bytes at same 
; address 


Self Test Diagnostic Module 
(Assumes the program in figure 1 is already loaded in the Instruction RAM as performed in the initialization 
module. 
When the SLFTbit is set, the diagnostic program is the same one as shown on page 22 of the data sheet. This 
module sets the SLIT bit, starts a conversion, then checks the data for the results.) 


1) 
Read Control Register 


2) 
Or (20H) 
; Set SLFTSTin 
; Control 
Register 


; don't set CAL bit 
3) 
And (7FH) 
4) 
Write back into control 
register 


5) 
Call (ACTIVATECONVERSION AND READ DATA MODULE) 


6) 
Check selftest data 
; Data 0 = 0 
; Data 1 = +1 
; Data 2 = -1 
; Data 3 = 0 


7) 
Read Control Register 
8) 
And (5FH) 


9) 
Write back into control 
register 


10) 
Return 
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Self Calibration Diagnostic Module 
(This can be used to verify that the part is properly calibrated. It should be called between steps 7 and 8 in the 
initialization 
module. This test is not necessary since each production 
part is fully tested before it is shipped.) 


1) 
Write (08H) to Index Register 


2) 
Write (88H) to Window 
High Register 


3) 
Write (60H) to Window 
Low Register 


4) 
Write (01H) to Control 
Register 


5) 
Read Status Register 


6) 
Is ISQ = 1? Yes: continue, 
No: go back to step 5 
7) 
Write (10H) to Interrupt Acknowledge 
Register 


8) 
Read Status Register 


9) 
Is DBR = 1? Yes: continue, No: go back to step 8 
10) 
Write (OOH)to Index Register 


11) 
Read Window 
Low Register 


12) 
Is Data = OFFH?Yes: Failed Calibration, No: continue 
13) 
Write (OOH)to Control 
Register 


14) 
Return 


1) 
Read Control Register 


2) 
And with (7EH) 
3) 
Write Control Register 


4) 
Read Status Register and Process any conditions 
5) 
Write (OFFH)to Interrupt Acknowledge 
Register 
6) 
POWER DOWN (pDN pin goes low) 
7) 
Return 


1) 
POWER UP (pDN pin goes high) 
2) 
Wait (10 msec) 
3) 
Read Control Register 


4) 
Or with (OlH) 
5) 
And with (7FH) 
6) 
Write to Control Register 


7) 
Return 


; Point to the first 
; Instruction 
; Load with RDCAL 
; Set RUN bit 
; Wait for ISQ 


; Wait for Data 
; Point to Data 


; Clear all Interrupt 
; Conditions 


last 
AlRMEN 
Mode 
CHAN 
Cycle 
Gain 
REF 


SEQO 
0 
0 
Intra Sequence 
CHO 
13 
Internal 


Pause 


SEQl 
0 
0 
Immed Execute 
CHl 
13 
Internal 


SEQ2 
0 
0 
Immed Execute 
CH2 
13 
Internal 
rDI 
SEQ3 
0 
0 
Immed Execute 
CH3 
13 
Internal 


SEQ4 
0 
0 
Immed Execute 
CH4 
13 
Internal 


SEQ5 
0 
0 
Immed Execute 
CH5 
13 
Internal 


SEQ6 
0 
0 
Immed Execute 
CH6 
13 
Internal 


SEQ7 
1 
0 
Immed Execute 
CH7 
13 
Internal 


Figure 1. Ml2208 
Program Used in Driver 
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ADDRESS 
BIT 7 


READ/WRITE I 
000 
07 


BIT 4 
BITl 
BIT 2 


1041031021 
WINDOW 
LOW REGISTER 


INDEX 
REGISTER 
VALUE 
IRS4-RSO) 
UPPER BYTE 


J 0סס oo 
015 


I 


LOWER 
BYTE 


DO 
} 
~~~~ 
~ATA 
(READ) 


lfrBIT CAL(WRITE) 


READ/WRITE 
I 
001 
D1S 
014 
013 
1 
012 
I 
011 
I 
010 
1 
D9 
DB 


WINDOW 
HIGH 
REGISTER 


READ/WRITE 
1 
010 
I AUTOII 
RS4 
I 
RS3 I 
RS2 I 
RSI 
RSO 


INDEX REGISTE R 


READ/WRITE I 
011 
CAL 
RESET I SLFTST I 
TCLK 
I 
DMA 
ILOBYT I MSTR 
RUN 


CONTROl 
REGISTER 


READ ONLY I 
100 
INT 
ClCP 
I RNER 
I 
ISQ I OVRN 
1 ALRM 
1 OVRG 
I 
DBR 


STATUS REGISTER 


WRITE ONLY 1 
100 
ICLCPAK IRNERAKI'SQAK 
fOVRNAKIALRMAKfOVRGAKI DBRAK I 


INTERRUPT 
ACKNOWLEDGE 
REGISTER 


·Writing this bit has no effect 


··Write a zero 10these bits 
read back ones 


1 
1 
1 
I 
SR2 


SEQUENCE 
REGISTER 


~ 
DATA 


1סס oo 
_I 
16-81T 
TIMER 
VALUE 


~=~ 
:1 ==========:==========: ~t::i~~~: ~~t~~ 


10011 
_I 
U:~~:,~V;EERRUPT 
ENABLE 


LOWER BYTE 
8-BIT 
ALARM 
CRITERIA 


READ ONLY I 
101 


A2, Al, AO 


~ 


MODE 
SELECT 
000: 
IMEDIATE 
EXECUTE 
001: 
INTRA SEQUENCE 
PAUSE 
010: 
START ON 
NEXT TIMEOUT 
011: 
PRESET TIMER/START 
ON 
TIMEOUT 
100: 
EXTERNAL SYNC/TIMER 
PRESET /TiMEOUT 
110: 
IllEGAL 
111: ILLEGAL 


----'V~----~----V' 
' ~~ 


INPUT 
CHANNEL 
SELECT 
CYClE 
SELECT 
GAIN SELECT 
REFERENUSELECT 
000: 
CHANNEL 
0 
000: 
16 BITS 
00: 
1 
000: 
CHANNEL 
0 
001: 
CHANNELl 
001: 
13 BITS 
01: 
2 
001: 
CHANNEll 
010: 
CHANNEL2 
010: 
B BITS 
10 = 4 
010: 
CHANNEL 
2 
011 : CHANNEL 
3 
011: 
READ CAL CODE 
11: B 
011: 
CHANNEL 
3 


l00:CHANNEL4 
111:WRITECALCODE 
100: 
CHANNEL 
4 


101: 
CHANNEL 
5 
101: 
CHANNEL 
5 
110: 
CHANNEL 
6 
110: 
INTERNAL 
VREF 


111: CHANNEL 
7 
111= ILLEGAL 
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Fiberoptics 


Introduction 


Although fiberoptic technology 
has been around for 


some time, its cost and the lack of standardization has 
hindered its widespread application, until recently. The 
introduction 
of new integrated circuits developed 


specifically for fiberoptic 
systems has lowered the 
costs, making fiberoptic 
links more competitive. 


Applications in Telephony, LANs, WANs, and point to 
point high speed interfaces, have helped make 
fiberoptics one of the fastest growing segments in the 
electronics market. 


Micro Linear's fiberoptic 
products can be used to 
implement a range of different fiberoptic 
interfaces. 
Data rates up to 100 Megabaud which are compatible 
with ECl or TIl 
are achievable using a single 5 volt 
supply. Most of the applications for these products 
require bandwidths above 1MHz, where the quality of 
the interface can be compromised with a poor 
implementation. 
With this in mind, having a thorough 


understanding of fiberoptics will significantly contribute 
to the success of a circuit design. This application note 
will address the transmit and receive circuits, some 
important 
PC board layout techniques, and will 


conclude with a sample circuit and board layout. 


Fiberoptics 


Fiberoptic systems have several key advantages over 
their wire equivalents, which account for the continued 
effort to make them practical in more applications. The 
most significant advantage is the low level of attenuation 


1-----1 
I 
I 


I 


-+ I 
-+1 


L 
~_~ 


.-/ 


TRANSMIITER 
CIRCUITRY 


seen with high frequency signals. This feature allows a 
higher degree of multiplexing 
than is achievable using 
wire. This is exactly what is needed for long distance 
telephone 
lines and computer 
networks. Other 
attractive features include a lack of RFI radiation and a 
low sensitivity to EMI noise. These characteristics make 
it easier to meet FCC regulations and increase the 
security of data transmissions. 


In a fiberoptic 
system (figure 1) digital data is coded 


into a serial bit stream represented by bursts of light 
from a laser diode or lED. This light is channeled by 
the fiber to a PIN photodiode 
at the receiver which is 
sensitive to the frequency of the light transmitted. 
Because light effects the reverse current flow through 
a PIN photodiode, 
a transimpedance amplifier is 


required to convert this current to a voltage and boost 
the low level signal to something usable. A quantizing 
circuit usually follows because variable fiber lengths 
and conditions will distort the signal. The Quantizer 
squares the signal and conforms to standard interface 
levels (ECl or TIl). 


Fiberoptics is not a perfect interface, though. The 
signal level can be attenuated by insertion loss at the 
transmitter and receiver, connector 
loss, and 
transmission loss. These losses limit the maximum 
length of the fiber and affect the requirements of the 
transmitter and receiver. In order to accommodate a 
worst case situation, a flux budget should be 
developed so that minimum circuit performance levels 
can be ascertained. 


,--------1 
I 
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I 
I 
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10 log (<PT)= aoL + aTe + aCR+ naCC + aM 
<PR 


A flux budget is a mathematical representation of the 
optical power in a fiberoptic 
system. It accounts for 


connector 
losses, attenuation due to fiber length, and a 
safety margin defined by the designer. Defining this 
budget is one of the first things that should be done 
when designing a fiberoptic 
link. 


Each of the terms is defined as follows: 


<PT is the flux (PW) available from the transmitter 
<PR is the flux (PW) required by the receiver 
ao 
is the fiber attenuation constant (dB/km) 
L 
is the fiber length (km) 
aTC is the transmitter-to-fiber 
coupling loss (dB) 
aCC is the fiber-to-fiber 
loss (dB) for in-line connectors 
n 
is the number of in-line connectors 
aCR is the fiber-to-receiver 
coupling loss (dB) 
aM 
is the safety margin (dB) 


A graphical representation of the flux budget is shown 
in figure 2. Option (a) depicts the use of in-line 
connectors. Option (b) is without 
them. 


16 
arc - 
INSERTION 
LOSS, TRANSMIITER 


~ 
aCR - 
INSERTION 
LOSS, RECEIVER 


I ~ 
12 


~ 
I 
10 
aCC 
- 
IN-LINE 
CONNECTOR 
LOSS 
i ~8 
~::; 
6 
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4 
I 
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I 
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To keep power consumption 
at a minimum, 
the 


appropriate starting point is the minimum 
acceptable 


signal level at the receiver. This minimum 
received 


power level, summed with several interface losses gives 
the minimum 
output power of the LED.If the fiber 


length can vary in a given system then the dynamic 
range of the receiver is important and the maximum 
received power must also be calculated. 


Dynamic Range 


The dynamic range of the receiver must be large 
enough to accommodate all the variables a system may 
present. Figure 3 shows an example dynamic range 
calculation for transmission distances ranging from 10 
meters to 1000 meters with 12.5dB/km cable, and up to 
two in-line connectors. 


aLED= LED output variation 
aLOC= LED driver variation 
aoL = 1km x 12.5dB/km 
naCC = 2 x 2dB 
aM 
Thermal Variations 


Dynamic Range 


= 
7.0dB 
= 
2.2dB 
= 12.5dB 
4.0dB 
= 
3.0dB 
= 
1.0dB 


29.7dB 


The Circuit Design 


The combination 
of low receiver input sensitivity with 


significant dynamic range requires the receiver to have 
two important features: amplitude control 
and AC 
coupling. 


An offset voltage in the receiver will reduce its 
sensitivity by not allowing low level signals to trigger 
the digital output circuit. The circuit in figure 4 
contains both AC coupling between the 
transimpedance and limiting amplifiers, and a DC 
restoration loop around the limiting amplifiers. These 
two features keep the offset voltage through the 
receiver to an absolute minimum, thus maximizing 
sensitivity. 
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In order to handle a wide dynamic range, like 50dB, 
special attention must be given to the receiver circuit 
design. Applying a large input signal to a typical 
amplifier can cause the transistors in the signal path to 
saturate resulting in pulse width distortion and 
reduced bandwidth. Some technique of controlling 
the 
amplitude must be incorporated 
in order to protect 


the signal integrity. 


Amplitude 
control can be achieved with either an AGC 
circuit or with the use of limiting amplifiers. An AGC 
circuit keeps the transistors out of saturation by 
reducing the gain of the circuit as the signal amplitude 
increases. A limiting amplifier simply limits the signal 
amplitude to a point before saturation. This technique 
results in a simpler, higher bandwidth design and so 
was chosen by Micro Linear. 


Data Format 


The data format is important since it affects the 
bandwidth and duty cycle which the interface must 
accomodate. There are many ways to code data in a 
serial format. Some codes allow unlimited consecutive 
symbols while others do not. Those that ao not are 
called Run-Length-Limited (RLL)codes. A fiberoptic 
interface which incorporates AC coupling to increase 
sensitivity can only pass RLLtype codes. The particular 
run-length-limited 
code chosen must be considered 


carefully since it will affect the bandwidth of the 
system. 


Manchester code is popular in AC coupled systems 
because it has a 50% duty cycle and can be encoded 
and decoded with relatively simple circuits. In 
Manchester code two symbols are used for each bit 
transmitted. This doubles the fundamental frequency 
which the interface must handle. A more efficient RLL 
code is 4B5B. This code uses 5 symbols to send 4 bits. 
This represents an increase in efficiency from 50% 
(Manchester) to 80% (4B5B).A fiberoptic 
interface which 


will transmit 40 Megabits per second using 4B5B coding 
must accomodate 50 Megabaud (symbols per second). 
Since there are always 2 symbols per cycle the 
minimum system bandwidth 
is 25 Megahertz. If 


Manchester code was used to transmit 40 Megabits per 
second the interface would have to handle 80 
Megabaud or a minium bandwidth of 40 Megahertz. 


Bandwidth 


From the example just described you can see how the 
code chosen effects the minimum 
bandwidth of the 
fiberoptic 
interface to be designed. The optimum 


system bandwidth is actually somewhat higher though 
due to four conflicting concerns: noise, intersymbol 
interference, power, and bit error rate. 


If an interface were designed with a 3dB bandwidth 
equal to the minimum 
bandwidth as described above, 
level transitions would be smooth, like a sine wave. 
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This is not desirable for a digital signal. Also, smooth 
rise and fall times will cause interference between 
adjacent symbols resulting in a distortion of the output 
signal. This is known as intersymbol interference. A 
fiberoptic 
interface with a higher bandwidth will have 
faster rise and fall times and less intersymbol 
interference. On the other hand, a higher bandwidth 
will increase the noise on the output signal. When you 
combine these two opposing effects with the desire for 
low power and a low BER(Bit Error Rate) (which also 
conflict), an optimum 
bandwidth can be derived. The 
curve in figure 5 indicates the optimum 
bandwidth 
is 
about 50% higher than the minimum 
bandwidth. 


MINIMUM 


OPTICAL 
POWER 
FOR SPECIFIC BER 
-~ 


Transmitter 
Design 


The light source can be either a laser diode or an LED. 
Because a laser diode has such a narrow spectrum of 
radiant light it is called a Single Mode light emitter. 
Multi Mode light emitters radiate a wider spectrum of 
light. LEOsare Multi Mode and as such suffer from a 
higher level of chromatic dispersion, caused by 
different propagation velocities for light of different 
wavelengths. This is the dominant bandwidth limiting 
factor for LED driven fiberoptic 
links. Light emitting 
diodes have an emission spectrum on the order of 40 
to 60nm full width at half maximum amplitude centered 
at 820nm. On the other hand, LEOsare much cheaper 
than laser diodes and can be modulated in the 100MHz 
range, making them suitable for short to medium 
distance communications 
such as LANs and point-to- 


point computer 
interfaces. 


LEOsare current driven devices so a current 
modulation 
circuit is needed to use the LED as a data 


transmitter. In applications where the data rate is less 
than 10MHz a circuit similar to figure 6 will be 
adequate to drive the LED without 
a significant amount 
of pulse width distortion. Unfortunately, LEOsdo not 
turn on or off linearly nor are their rise and fall times 
equal. For data rates above 10MHz these characteristics 
need to be considered in order to get the best possible 
performance. 
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Rl 
+ IF 
-' 


-' 
vCC 
- 
v, 
- VCE 


IF = 
Rl 


Two techniques which can be used to improve the 
turn-on time of an LED are "pre-bias" and "drive 
current peaking". Pre-bias is a small forward voltage 
applied to the LED in the "off" state. This voltage 
prevents the junction 
and parasitic capacitances from 
discharging completely when the LED is in the "off" 
state, thus reducing the amount of charge that the . 
driver must transfer to turn the emitter back on. Dnve 
current peaking is a momentary increase in LED 
forward current that is provided by the driver during 
the rising and falling edges of the current pulses that 
are used to modulate the emitter. The time constant of 
this peaking circuit needs to be equal to the minority 
carrier lifetime of the emitter so that the rise and fall 
times will be improved wit~out causing excessive 
overshoot of the optical pulses. Figure 7 shows the 
problems which can result from excessive peaking. 
• 


The circuit in figure 8 implements both the pre-bias 
and peaking techniques described above. When the 
DATA signal is low the voltage divider created by R, 
and R2can be set-up so the voltage between R, and R2 
is slightly less than the LED turn-on voltage. This pre- 
bias voltage prevents the LED capacitance from 
discharging completely which allows the LED to turn 
on faster because less time is required to completely 
charge the junction 
capacitance. The time to 


completely charge the LED can be reduced further by 
increasing the amount of current flowing in the LED 


duirng turn-on. The capacitor in this circuit has the 
effect of connecting R3 in parallel with R2for a short 
time during level transitions. This momentary condition 
allows additional current to flow through 
R3and the 


LED. By matching the R3Ctime constant to the minority 
carrier lifetime of the LED,peak performance 
IS 
achieved. 


LEOsare characteristically harder to turn off than to 
turn on. This phenomenon 
is commonly 
refered to as 
the long-tailed response, and is depicted in figure 9 as 
it relates to transmitted optical power. Circuits such as 
the one in figure 6 exhibit this problem because there 
is no low impedance path to dissipate the stored 
charge in the LED when turning off. In order .to 
. 


compensate for this an active pull down configuration 
should be used. For the circuit in figure 8, this can be 
achieved by using an input buffer with a totem pole 
output structure. When the DATAsignal.is low, the 
lower transistor of the totem pole 
IS active. Acting as a 
current sink, this device provides a low impedance path 
for the charge stored in the LEDjunction, 
reducing 


pulse-width distortion and the magnitude of the long 
tail. 
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Receiver Design 


For optimum 
performance the receiver needs to 


combine a wide dynamic range (about 50dB), high 
sensitivity (down to 1JJW), high bandwidth 
(50MHz) 


and compatibility 
with standard digital interfaces (ECl 


or TIl). 
Another feature which is required in some 


fiberoptic 
systems is a Link Monitor. This circuit 


monitors the input level and sets a flag and/or 
disables the digital output when the input falls below 
a predetermined 
point. 


The four major functional 
blocks of a receiver are the 


optical to current conversion, the current to voltage 
conversion, the analog to digital conversion, and the 
Link Monitor. A PIN photodiode 
and a transimpedance 


amplifier can be used to perform the first two 
' 


functions while the third and fourth 
require several 


discrete standard devices and a significant amount of 
design effort or one of Micro Linear's Quantizer 
products. 


There are several manufacturers of discrete PIN 
photodiodes 
and transimpedance amplifiers which are 


suitable for this application. Some of these 
manufacturers offer both functions 
in a single module 


compatible 
with fiberoptic 
connectors. These 


modules, like the Hewlett Packard HFBR-24X6,isolate 
the most noise sensitive section of the receiver, the 
PIN photodiode 
to transimpedance amplifier 


connection, 
and protect it from outside influences. In 


addition, they are relatively low cost, and eliminate 
the need to design the fiberoptic 
connector 
hardware. 


The output of these receiver modules is a low level 
analog voltage which is directly proportional 
to the 


incident optical power. This signal needs to be 
amplified, squared-off, and appropriately 
level shifted 


(for ECl or TIl 
outputs). As described earlier, a 
limiting amplifier can be used in this application to 
accomodate a wide input dynamic range while 
maintaining a high bandwidth. 


Building a high speed analog to digital conversion 
circuit which must perform over a wide dynamic range 
with low offsets using off-the-shelf components 
is 


difficult. 
Furthermore, a worst case analysis may be 
impossible because some of the parameters critical to a 
fiberoptic 
receiver design, such as input offset and 


input referred noise are not always included 
in the 


discrete component 
specifications. The typical 


bandwidth 
of these devices may be known but the 
minimum 
is not always guaranteed, yet this is required 
for a worst case analysis. 


The ML4621 Quantizer 


The Ml4621 Quantizer eliminates these problems by 
providing a monolithic 
solution. This product 
includes a 
limiting amplifier front end, a comparator output section 
and a Link Monitor. The differential data path between 
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the amplifier section and the comparator section is 
available to the user for filtering or wave shaping. In 
addition, both ECl and TIl 
outputs are available, and 


the link 
Monitor 
peak detector can be controlled 
with 


an external current source or the value of the peak 
detector capacitor. 


Input Amplifier Section 


The Ml4621 has a two stage limiting amplifier with a 
DC restoration feedback loop. Figure 10 shows this 
input circuitry 
in detail. The two input coupling 
. 


capacitors C1 and Cz perform two Important functions. 
First they eliminate any offset voltage created by the 
transimpedance 
amplifier, and in addition they create a 


high pas~filter at the input of the Quantlzer. This filter 
establishes the low corner frequency, fu of the 
Quantizer's 3dB bandwidth. 


f 
- 
1 
(C = C1 = Cz) 
(1) 


L 
- 271"8000 C 


8000 represents the parallel combination 
of the DC bias 


setting resistors 10K and 35K. Using a 0.1JJFcapacitor for 
C1 and Cz establishes a corner frequency at about 
200Hz. C4 and Cs control the high corner frequency, 
fH· 


1 
C 
C 
(2) 
fH = 271"425 C 
(C = 
4 = 
s) 


425 represents the internal impedance at nodes CF1 
and CF2. Using a 20pF capacitor for C4 and Cs 
establishes a corner frequency at about 19MHz. If CF1 
and CF2 are left open the high corner frequency will 
be >50MHz 
for the Ml4621. Equation 2 applies when 


2 capacitors are tied between CF1 and CF2 to the 
ground. If one capacitor is used between CF1 and CF2, 
the value derived for C should be divided by two. 


The bandwidth 
of the receiver, as defined by fH 
- fu 


can be adjusted to the particular needs of different 
systems. The high pass filter not only eliminates DC 
offsets but also reduces any low frequency 
power 
supply noise picked-up 
in the transimpedance 
amplifier 


and associated traces. The low pass filter reduces high 
frequency 
noise which directly effects the signal to 


noise ratio and thus the sensitivity of the receiver. Since 
these circuits were designed for maximum bandwidth, 
some band limiting should be used as indicated in 
figure 5 to maximize sensitivity. 


Although 
the input is AC coupled, the offset voltage 


within the limiting amplifiers will be present at VauT+ 
and VauT .. This is represented by Vas in figure 11. In 
order to reduce this error a DC feedback loop is 
incorporated. 
First, the DC component 
of VauT+ and 


VauT. 
is developed through 
an RC filter of 25K and 


10pF.Then a difference amplifier circuit with a gain of 
10 is used to provide a single ended signal, stored in 
C3, which can be fed back into the inverting input 
terminal. This negative feedback loop nulls the offset 
voltage, forcing Vas to be zero. 
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The limiting amplifiers have a maximum output voltage 
swing of about 700mVp_p.Since the gain of the 
amplifiers is 7S, input signals greater 9mV will be 
clipped at about 2.7V and 3.4Y. Typically this signal is 
connected directly to the comparator 
inputs. If some 
filtering or wave shaping is desired between the 
amplifier output 
and the comparator 
input, the Ml4621 


should be used since these nodes are brought out to 
pins. If AC coupling 
is involved, the DC bias must be 
reestablished between (GND + 2V) and (Vee - 1V). Also, 
the loading on VOUT+and VOUT- should be kept below 
3mA, and be aware that CMP+ and CMP- will sink 
about 2SJlA. 


Output Comparator Section 


The Ml4621 has both ECl and TIl 
outputs. If the ECl 


output 
is to be used, the power to the TIl 
output 


section can be removed by connecting 
Vee TIl 
and 


GND TIl 
to Vee. This will reduce the Vee supply 


current by S to 10mA. The Quantizer can be powered 
by -S.2V (Vee = OV and GND = -S.2V), which produces 
standard ECl output 
levels, or +SV (Vee = +SV and 


GND = OV),providing 
raised ECl levels. The ECl 


outputs on the Ml4621 can source up to 10mA, so a 
2000 load tied to -2V (below VeC>can be 
accommodated. 
If a -2V supply is not available, 
connecting 
the ECl output to GND through 
a S100 


resistor, and to Vee through 
a 3300 resistor will 


provide the same voltage swing as 2000 tied to -2V 
(see figure 12). 
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The output comparator 
is gated with the CMP ENABLE 


pin which is active low. When CMP ENABLEis high, 
ECl+ is held high, ECl- is held low, and TIl 
OUT is 


held high. If the Quantizer 
is powered by +SV and 


ground then any external TIl 
compatible 
signal can be 


used to control 
this pin. If a -S.2V supply is used, the 


signal should be appropriately 
level shifted. In either 


case, the TIl 
LINK MaN 
pin can be used to drive the 


CMP ENABLEpin directly. The TIl 
LINK MON is an 


output signal from the Minimum 
Signal Discriminator 
circuit providing the Link Monitor 
function. 


Link Monitor Section 


The TIl 
LINK MON and ECl LINK MON pins both 
provide an output signal indicating when the input data 
signal is below a user defined acceptable level. Under 
normal operating conditions 
this output will be low, 


indicating the data is of acceptable amplitude. The 
voltage levels on the TIl 
LINK MON pin are TIl 


compatible 
if the power supply is +SY.With a -S.2V 


supply the ECl LINK MON output 
pin will provide 
single ended ECl levels. The TIl 
LINK MON pin can 


also be used to drive an lED, providing 
a visible link 
status indicator. This pin can sink up to 10mA. 


The Minimum 
Signal Discriminator 
circuit contains a 


peak detector, a comparator, and output 
level shift 
circuitry (figure 13).The droop rate of the peak 
detector 
is: 


EClllNK 
MON 


TTlllNK 
MON 


I 
I 
_______________ 
-.J 
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The peak detector droop rate can be controlled 
adjusting either the value of C6 at the CPEAKpin or IISET 
at the ISETpin. If INOM is connected to IsET,IISETwill be 
1251lA. The droop rate for this product can be adjusted 
with C6. The Ml4621 has these extra pins, which allows 
the user to set 'ISETwith an external resistor, REXT,tied 
between ISETand Vcc. IISETwould then be: 


Vcc - 0.7 
"SET= -R-EXT-+-1-7-00- 


The output of the peak detector is a DC voltage 
proportional 
to half the peak-to-peak voltage between 


VOUT+and VOUT-. If this signal is larger than the 
voltage provided by the Threshold Generator circuitry 
the TIl 
LINK MaN 
and ECl LINK MaN 
pins will both 


be low. 


The Threshold Generator level shifts the reference 
voltage at VTHADj through a circuit which has a 
temperature 
coefficient matching that of the limiting 


amplifiers. This improves the accuracy of the Link 
Monitor 
over temperature. The relationship between 


VTHADj and VTH (the minimum voltage at the input 
which will trigger the Link Monitor) 
is: 


VTHADJ= 600VTH + 0.7 
(5) 


In this equation VTH is the peak value of the input 
signal. The operating range over which these equations 
apply is indicated by the graphs in figure 14. The on- 
chip reference voltage, VREF,can be tied directly to 


>' 
6 


E 
:t> 
4 


Figure 14. 


VTHADj to set the threshold level. This 2.5V low 
impedance source will set the threshold at its maximum 
allowable level as indicated in the graph. A lower 
threshold level can be set by dividing down VREFwith a 
resistor string, as in figure 15. The VTHADj voltage can 
be calculated as follows: 


Rz 
VTHADj = VREF--- 
(6) 


R1 + Rz 


Figure 15. 


If, for example, you were using the Ml4621 and you 
wanted the Link Monitor 
to trigger when the received 
optical power went below 11lW 
(-30dBm), you first 


need to calculate the resultant voltage at VIN+ and VIN_. 
If you were using the HFBR-24X6Fiberoptic Receiver 
with a responsivity of 8mV/IlW, the peak-to-peak voltage 
would be: 


11lW x 8mV/IlW = 8mVp_p 
(7) 


So the Link Monitor 
should trigger at some point 


slightly lower than 4mV peak, say 3mV. The reference 
voltage at VTHADJshould then be: 


VTHADj = 600(.003)+ 0.7 = 2.5V 
(8) 


This is a convenient value since the reference voltage 
supplied by the Quantizer, VREF,is 2.5V.Thus, shorting 
VREFto VTHADj on the Ml4621 will set the minimum 
input signal level at about 3mV. 


The Link Monitor 
has about OAmV (peak) hysteresis 


built-in. VTHADj in equation 5 is the high threshold 
level (the trigger point when the input voltage is rising). 
The low threshold level (the trigger point when the 
input voltage is falling) is about OAmV less than the 
seveIs given in these equations. More hysteresis 
can be induced by connecting 
a resistor between 


TIl 
LINK MaN 
and VTHADj creating a positive 
feedback loop. 


A Sample 
Circuit 


The circuit in this section (figure 16) is a point-to-point 
fiberoptic 
interface designed to pass 20MBd data over 


1 kilometer of 62.5/1251lm 
fiber cable. The main 


components are the Ml4632 lED driver, the HFBR-1414 
lED, the HFBR-2416Receiver, and the Ml4621 
Quantizer. Choosing -30dBm for the minimum 
received 
optical power makes equations 7 and 8 applicable 
and allows VREFto be used to set the Link Monitor. 


Applying figure 5 to the 20MBd data rate yields an 
optimal bandwidth 
of about 15MHz. Using equation 2, 


the value for Cs is derived by setting fH equal to 
15MHz and solving for C. The lower corner frequency, 
fiJ should be chosen so that, at least, any 60Hz line 
noise is filtered out. Choosing 0.11lFfor C1 and Cz will 
set the lower corner at 200Hz (equation 1). 
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Figure 16. 


The only external component 
left to calculate 
is C6. 


Since the baud rate is 20MBd, the time between 
peaks 


in the Link Monitor's 
peak detector 
is SOns.If no more 
than 0.1% droop 
is acceptable 
under the worst case 


conditions 
(when the input 
signal is the smallest), and 
the internal 
current 
source 
115ETis used, then C6 is 


calculated 
as follows: 


Smallest input 
signal = 3mV 


Gain through 
amplifiers 
= 75 


Smallest voltage at VOUT+ and VOUT_ = 


3mV 
x 75 = 225mV 


Smallest acceptable 
droop 
voltage 
= 
0.1% x 225mV 
= 2251lV 


2251lV 
Slowest acceptable 
droop 
rate = -- 
= 4.5VIIlS 
SOns 


1251lA 
Smallest C6 = -- 
= .0281lF 
4.5Vllls 


A O.1IlFcapacitor 
is a convenient 
acceptable 
value for 
this application. 


Now that the minimum 
received 
power 
is known, 
a 
flux budget 
can be developed 
for the interface, and the 
required 
optical 
power from the LED can be derived. 


Since the output 
power 
of the HFBR-1414is specified 
out of a short length of fiber attached to the LED unit, 
no aTC term 
is required 
in the flux budget. 
If no in-line 


connectors 
are used and the remaining 
terms are: 


¢R = 11lW 
ao = 10dB/km 
L = 1km 
aCR = 0.2dB 
aM = 3.0dB 


solving the flux budget 
equation 
for ¢T yields: 


¢T 
10 log - 
= aoL 
+ aCR + aM 
(9) 


¢R 


¢T 
10 log -- 
= 10(1) + 0.2 + 3 = 13.2dB 
11lW 


log ¢T - log 11lW = 1.32 


log ¢T + 6 = 1.32 


log ¢T = -4.68 


¢T = 20.91lW (-16.8dBm) 


The HFBR-1414 has a minimum 
Peak Output 
Optical 
Power of 31.61lW (-15dBm) when 
coupled 
to a 
62.5/1251lm 
fiber cable, and when 
a forward 
current 
(IF) 


of 60mA is applied. 
Since the optical 
output 
power 
vs. 


forward 
current 
relationship 
of the LED is approximately 


linear, the forward 
current 
required 
to get the 
minimum 
output 
power, 31.61lW, can be calculated 
as 


follows: 


20.91lW 
--- 
x 60mA = 40mA 
31.61lW 
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30 ohm. This will allow and drive current of 40mA to 
100mA. For more detailed information 
refer to the 


ML4632 Data Sheet. 


Now, to make sure there is no chance of saturating the 
receiver with too much power, a dynamic range 
calculation 
is in order. Since there are no in-line 


connectors and the cable length is fixed, the only 
dynamic range components 
are the thermal variations 
(aT), the user defined system margin (aM), the LED 
output 
power tolerance 
(aLED), and the LED drive circuit 


tolerance 
(aLOe): 


100 
- 
(-12dBm) 
60 


aLOe = 10 log 
= 3.97dB 
(11) 
40 
- 
(-12dBm) 
60 


-9dBm 


aLED = 10 log --- 
= ZOdB 
-16dBm 


aLOe 
aLED 
aM 
aT 


Dynamic Range: 


= 3.97dB 


7.0dB 
= 
3.0dB 
= 
1.0dB 


14.98dB 


10 log <PTMAX = 14.98dB 
1f.JW 


<PTMAX = 31.47f.JW 


This is well below the 150f.JW 
maximum spec for the 


HFBR-2416,and the resultant output voltage is 


31.47f.JW 
x 8mV/f.JW= 251.76mVp_p 
(14) 


This is well below the 1.4V maximum input voltage of 
the ML4621. 


The Board Layout 
Refer to Application 
Note 1S. 
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Expandingthe Ml2200 
Input Multiplexer 


If the four channel differential input multiplexer on the 
ML2200 is insufficient for your application, it can be 
expanded using one of three methods described in 
this document. An expanded input multiplexer will 
greatly enhance the processing power of the ML2200 
but will restrict some of its flexibility. The limitations of 
each circuit are discussed at the end of this application 
note. 


The first circuit controls up to 64 differential inputs but 
restricts the ML2200 to always run eight operations. 
The second circuit controls up to 128 single ended 
inputs and again restricts the ML2200 to always run 
eight operations. The third circuit is limited to eight 
differential 
inputs but is fully programmable in the 
number of operations. Each circuit is fully 
synchronized with the ML2200 and can be built with 
off-the-shelf components. 


Although this application note discusses only the 
ML2200, the ML2208 can be used as well. Only minor 
operational issues within the ML2208 are affected. 


2.0 
General Theory of Operation 


An external counter (74LS163)is used to control the 
additional multiplexer devices (DG506 or DG507). The 
counter is incremented 
by the SYNC pin of the 
ML2200, which must be programmed as an output. 
The SYNC pin is suitable for this purpose since it 
always signifies the start of a new operation. 


Synchronization with the ML2200 is achieved by 
utilizing the DBR pin to load input channel 111into the 
counter. Since the DBR signal comes out after the 
sequence of operations are complete and the next 
sequence is started, it is too late to correctly 
synchronize the counter prior to the beginning of the 
next sequence. Synchronizing on the "1" count, 
however, will always reset the counter to the proper 
value if synchronization 
is ever lost. 


Due to the above described behavior, a "boundry" 
problem exists in the very first sequence of operations 
and the first operation of the second sequence after 
the chip is started. In order to get out of this problem, 
the RUN bit of the control 
register is decoded and 


duplicated 
in these circuits. The RESETsignal is also 
brought in. These signals force the counter to 
predetermined 
states and relieves the "boundry" 
problem. 


3.0 
A 64-Channel Differential Input Circuit 


This circuit, shown in figure 1, provides up to 64 
additional input channels. Two 74LS163counters, US 
and U6, are used to develop the address for each 
channel. Only 6 of the 8 available counter bits are 
needed to control the channel selection. The 3 LSBs 
are used to drive the multiplexer 
(DG507) address bus 


and the 3 MSBs are decoded and used to drive each 
multiplexer's enable pin. A 74LS138(U7) is used to 
decode the MSBs, providing control for 8 multiplexer 
chips. The 2 unused counter bits could be used to 
address additional multiplexers, providing control for 
up to 256 channels. 


A D-type flip-flop 
(U4A, 74LS74)is used to reset both 
counters whenever the ML2200 is reset or not in RUN 
mode. This is accomplished by presenting an active 
low signal at the synchronous clear inputs of the 
counters whenever either the RESETor HALT condition 
exists. When the ML2200 is placed in RUN mode, the 
first SYNC pulse resets the counters to zero instead of 
incrementing 
them. At the same time, the first SYNC 


pulse clears the resetting condition 
by clearing the 


flip-flop. 


The other flip-flop 
in this circuit, U4B, is used to trap 


the 0 to 1 transition of the DBR signal. This transition 
causes the output of U4B to go low, which sets up the 
counters for a load cycle. The next SYNC pulse (which 
should correspond to the first operation of the 
ML2200) will then load the counter with a "1", forcing 
the counters to be synchronized to the sequence. As 
before, the same pulse that performs the load 
operation also clears the load operation. 


U1 (74LS138)and U2 (74LS379)form the logic that 
decodes the RUN bit from the microprocessor 
bus to 


develop one of the conditions that resets the counters. 
U1 simply decodes the address of the control 
register 


within the ML2200 and U2 latches the status of the 
RUN bit. 


This circuit requires operations to be done in groups 
of eight and each operation within the group must 
have the same characteristics. 
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4.0 
A 128-Channel Single Ended Input Circuit 


This circuit, shown in figure 2, is identical to the 
differential circuit with three exceptions: 


1. Four address bits are used to drive each multiplexer, 
since each multiplexer chip now contains 16 
channels instead of 8. 


2. The decoder chip (U7) is shifted one bit up on the 


counter output. This makes room for the extra bit 
needed for multiplexer addressing. 


3. DGS06 multiplexers are used because this is a single 


ended application. 


This circuit requires operations to be done in groups of 
eight and each operation within the group must have 
the same characteristics. 


5.0 
An 8-Channel Diferrential Input Circuit 


This circuit, shown in figure 3, is very similar to the two 
previous circuits. It still uses two D-type flip-flops to 
load and reset the counters. The difference here is that 
register U7 (74LS379)is provided at address location 6 
within the 8 byte ML2200 address space and is used to 
store a count equal to the number of operations 
programmed by the microprocessor in the ML2200. 
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Address location 6 and 7 are spare locations within the 
ML2200 address space. A 74LS8S(U8) four bit 
comparator is used to reset the counter to zero when 
the maximum count is reached. A single DGS07 
provides the eight input channels. 


This circuit is not restricted to performing operations in 
groups of eight. Each channel can be programmed and 
initiated individually. This flexibility is maintained at the 
expense of limiting the number of differential inputs to 
eight. 


6.0 
Circuit Limitations 


In order to maintain synchronization with the ML2200, 
these circuits contain several inherent limitations which 
are described below: 


1. The SYNC pin is limited to use as an output. 


2. These designs allow less settling time for external 


input circuits, such as instrumentation 
amplifiers, 


than otherwise would be possible. 


3. The capability to do random reference selection is 


lost. 


4. The capability to do random input channel selection 


is lost. Input channels must be scanned sequentially. 
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One Pin Crystal Oscillators 


1.0 
Introduction 


Micro Linear has frequently used a one pin oscillator 
design in its CMOS chips. The concept of a one pin 
oscillator may seem peculiar to some at first, but the 
design topology 
has been around for many years, 
dating back to vacuum tube days. This topology is 
shown in Figure 1 and is commonly 
known as the 
Colpitts oscillator. The only difference compared to 
previous implementations 
is that an MOS transistor is 
used as the active element. 


There are two important advantages to using this 
particular topology versus the more common two pin 
design (which is called a Pierce oscillator): 


1. Only one pin is required, leaving the extra pin for 


maximum functionality. This is increasingly important 
as chips become more complex in function. 


2. No external components are usually required except 


for the crystal. If extremely high frequency accuracy 
is required, then an external capacitor in parallel 
with the crystal can be used to trim the frequency. 


All is not free, however, there are some disadvantages: 


1. This design is less tolerant of external parasitics to 
ground than the two pin design. This is not usually 
a problem since the designs used in Micro Linear's 
circuits have been provided with sufficient margin 
to handle typical printed circuit board parasitics. 


2. Flexibility in terms of user adjustment of design 


parameters is less in this design. Again, this is not 
seen to be a problem for two reasons: 


a) Board level designers rarely adjust the two pin 


design parameters. 


b) Enough margin is provided so that adjustment is 


not needed. 


2.0 
Theory of Operation 


Exact circuit analysis of the oscillator is a complex 
procedure for several reasons: 


1. In a practical design situation, the system equations 
are a minimum 
of 5th order. Exact hand calculations 
are difficult at best. 


2. Final oscillation conditions are not only based on 
small signal analysis, but very dependent on large 
signal non-linear situations. 


3. The crystal model is generally a simple case in small 
signal analysis but element parameters can change 
with excitation level. 


In this section, no attempt is made to provide a 
complete exact analysis.An alternate approach is taken 
in which hand calculations can closely approximate the 
small signal solution. This approach is also much more 
heuristically satisfying in that effects of design 
parameter changes can be seen without 
applying a lot 


of math. This also serves to provide the user with a 
way to calculate an approximate frequency of 
oscillation if more exact frequency tolerances are 
required other than just plugging the crystal in. 


For the more technically inclined, an exact small signal 
sample design procedure 
is presented in Appendix A 


using the MathCAD'· 
program on an IBM-compatible 


Pc. This is possible due to the presence of a root 
solver capability in MathCAD. Users of HP calculators 
or numerical analysis computer 
programs can also 


perform this analysis.Appendix 
B contains an example 


procedure to estimate final oscillation amplitude while 
Appendix C goes through the procedure to calculate 
the closed loop root locus plot which is then used to 
estimate oscillator startup time. 
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2.1 
Crystal Model 


The typical crystal model is shown below: 


:rT 
cc 


Typical values for the 12.352 megahertz crystal used in 
some of Micro Linear's telecom chips are: 


La := 8.005814 . 10-3 henries 
Cc := 5.10 . 10-12 farad 
Co := 20.7558 
. 10-15 farad 


Ro := 15 ohms 


The admittance of the crystal is: 


1 
YXTds):=Cc's+ 
1 


Lo's+-- 
+ Ro 
Co's 


Plot 50 points versus frequency: 


x 
:= 
1 
.. 50 


Define radian frequency values: 


Wx 
:= 
12.346 
. 106 
• 2 
. 
1T 
+ 
X 
• 120 


Plot real (resistive) part: 
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Note that at the series resonance frequency of: 
1 


2 
~L 
C 
= 1.2346608 
. 107Hz 
'1T'VLO'LO 


the susceptance is zero and the resistance is: Ro = 15. 


Oscillators that operate the crystal in the series mode 
use this characteristic as part of a feedback loop in 
which the loop gain is maximum at this frequency. 
Above this frequency the susceptance is inductive. 
Oscillators such as this one-pin design (and the two-pin 
Pierce) operate the crystal in the parallel mode, "using 
it as an inductor." 


2.2 
Simplified Hand Calculation of Loop Gain: 


In thi? section, a simplified (but approximate) method of 
calculating the loop gain is shown. This method also 
demonstrates in a more heuristic way how loading 
affects the oscillator and how one may choose the 
crystal characteristics, especially the series resistance Ro. 
The calculation for the approximate frequency of 
oscillation is also shown. This calculation is quite 
accurate. 


Before we proceed with the calculations. two general 
principles will be presented that are used to make the 
calculations. Derivations of these principles can be 
found in reference [1]: 


1. In Figure 5, it is seen that an RLC circuit with series 


loss can be represented by a circuit with parallel loss 
(resistance). This applies when the circuit Q is high 
(>10). 


Figure 5. 


2. In Figure 6, an RLC circuit with series capacitors can 
be classified as a "parallel resonant transformer" 
circuit. Again, this is accurate only when the Q is 
high (this is easily satisfied with crystal circuits, with 
Q's in the ten to hundreds of thousands). In this 
case, the two capacitors act like a transformer with a 
turns ratio of: 


n'-~.- C1+C2 


Hence any resistance can be reflected by the square of 
the turns ratio. 
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Using principle 1) from above, we can construct a 
crystal model which has a parallel loss element: 


Using principle 2) from above, we can now reflect the 
loss element to the crystal terminals by the "turns 
ratio:' 


UE 


'Ccc~co 


Co 


La 
Cc 
RpXR •• REQ 
)( n2 


At this point, we should develop the small signal 
equivalent of the oscillator circuit: 


by it~small signal equivalent circuit. In this instance, gm 
is the small signal transconductance 
of the transistor 


and is set by the DC bias current. RLTis the parallel 
combination 
of the drain to source conductance and 


the "body bias factor" (if the source is not at the same 
potential as the bulk). Derivations of these parameters 
can be found in reference [2]. 


Cp is the parallel combination 
of all circuit reactive 


parasitics found at the oscillator pin, including the 
crystal case capacitance, Ce. CTOPand CBOTare on- 
chip capacitors with sizes chosen for a particular design 
range. 


Rp is the resistance of an on-chip 
DC bias resistor for 


the gate of the MOS device plus any dissipative loss 
present at the oscillator pin to ground. This is any lossy 
effects due to circuit board or socket dissipation factors 
at the frequency of oscillation. 


We now connect the crystal to the oscillator circuit. 
Note that the reflection and transformer calculations 
above must be done with all circuit capacitances taken 
into account: 


Let us assign some typical values to the components: 


RLT:= 80 . 103 ohms 
gm := 1.6 . 10-3 AmpslVolt 
Cp := 10 . 10-12 farad 
CTOP:= 16 . 10-12 farad 


Rp := 100 . 103ohms 
CBOT:= 16 . 10-12 farad 


We will use the crystal values defined above with the 
exception that Cc is now included in Cp, which 
represents all capacitive parasitics present at the pin. 


The total capacitance present at the pin including 
CTOP 
and CBOTis: 
C 
'- CTOP' CBOT+C 
C 
11 
PTOT'-CTOP+ CBOT 
P 
PTOT= 1.8 . 10- 


The total capacitance seen across the crystal inductance 
is: 


C 
'- 
CO' 
CPTOT 
TOT.- Co + CPTOT 
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This capacitance in parallel with the crystal inductance 
just so happens to produce a resonant frequency which 
is very close to the frequency of oscillation: 


Wo = 7.762. 107 


~ 
= 1.2353724. 107 


2' 
7T 


Note that this frequency is .014%higher than the 
specified 12.352 Megahertz. This is because this crystal 
was ground with a specified capacitive load of 18pF 
across its terminals. In our case, we only have about 
13pF. 


The circuit Q is now calculated: 


Q:= 
1 
Q = 4.143' 104 


woo RO'CTOT 


The equivalent parallel resistance across the crystal 
inductance 
is now calculated using principle 
1) above: 


Rpx := Q2 • Ro 
Rpx= 2.574 . 1010 


This is now reflected to the oscillator pin using prin- 
ciple 2) above: 
2 


RpXR:=Rpx' [ Co :~PTOT] 
RpXR= 3.415. 104 


This is now combined 
with the parallel resistance 


present at the oscillator pin: 


RpXR. Rp 
R 
'- 
----- 
RpTOT= 2.546'104 
PTOT.- 
RpXR+ Rp 


Note that this can be reflected again through 
the 


"capacitive transformer" 
of CTOPand CBOT: 


2 


R 
'- R 
. [ 
CTOP 
] 
PTOTR'- PTOT CTOP+ CBOT 


RpTOTR= 6.364 . 103 


We now combine this with the resistance present at 
the transistor source: 


RLT' RpTOTR 


RL:= RLT+ RpTOTR 
RL= 5.895 . 103 


This is the load resistance. This multiplied 
by the trans- 


conductance 
will give us our gain up to the source of 


the transistor from the input. 


gmRL= 9.433 


Note that the input to our circuit 
is the voltage applied 


across the gate to source of the MOS transistor, or in 
other words, the voltage across CTOP.Using the 
"capacitive transformer principle" 
we can determine 


that the loop gain is: 
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CBOT 
AL := --- 
. ~ 
. RL 
~ 
= 9.433 


CTOP 


This gives us our loop gain, which hopefully 
is more 


than 1 to allow oscillations. Note that this compares 
favorably with the exact analysis given in Appendix 
A of 
9.41. 


This is a good time to pause and reflect on what the 
above analysis tells us: 


1. It is seen that the oscillation frequency depends on 
the total capacitance at the oscillator pin in series 
with the crystal capacitor CO. Since Co is very small 
(typically 10's of femto-farads) external capacitance 
has a small effect on the oscillation frequency. This 
provides a means of "tweaking" 
the frequency to an 


exact value with a trimmer 
capacitor placed from the 


oscillator pin to ground. 


2. Using the "capacitive transformer" 
principle, 
it is seen 
that large values of capaitance at the oscillator pin 
reduces the loop gain since the crystal resistance is 
now reflected into a smaller value and hence the 
product gm . RL is smaller. Oscilloscope 
probes can 


contribute 
a significant amount of parasitic and should 
be used carefully when debugging this circuit. If 
frequency trimming 
is employed by placing a parallel 
adjustment capacitor to ground, 
it must be done 
carefully so that the loop gain is not made too small. 


3. Lossy components at the oscillator pin also reduces 


the product gm . RL.This is especially important 
at 


higher crystal frequencies, where printed circuit board 
material or socket material becomes more and more 
lossy.The value of the on-chip bias resistor varies with 
frequency from about 1MO to about 100kO (over a 1 
to 20 MHz range). Note that this is a fairly high 
impedance which is easily affected by external 
parasitics. Oscilloscope probes can be particularly 
lossy at these frequencies. 


2.3 
Three More Important Criteria for 
Consideration: 


Three more important 
items need to be covered. These 


items mayor 
may not be OK even if the loop gain 
calculation 
is adequate (more than 1): 


1. Oscillator phase margin. 


2. Nyquist criterion. 


3. Final oscillation amplitude 


The theory for the above criteria is too lengthy to 
cover in an application 
note; only a brief qualitative 


explanation will be given. The reader is encouraged to 
consult references [31 [4], and [5]. The exact analysis 
given in Appendix A will cover the phase margin and 
Nyquist criterion. 
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Oscillator PhaseMar~n: 


Figures 11A through 11D in Appendix A show the open 
loop transfer characteristics of the oscillator. 11A shows 
the overall magnitude over a wide range of frequencies. 


The crystal characteristic is not visible since it occurs 
over a very narrow range. 11B shows the phase 
characteristic. 


These curves show that the circuit produces a single 
pole rolloff of 6dB per decade and a final phase shift 
of 90 degress. Examining the circuit in Figure 10, we 
see that the loop transfer function 
starts out at 180 


degrees out of phase. This is because the output 
is 
developed across CBOTand the input is taken across 
CTOP.At DC, the voltage across CTOPis of opposite 
phase to that of CBOT,since the top side of CTOPhas a 
DC path to ground. The single pole rolloff is primarily 
due to (but not exactly) the combination 
of RLTand the 


total capacitance seen at the source of the MOS 
transistor to ground. The crystal inductance combined 
with the circuit capacitances can almost provide 
another 180 degrees of phase shift. This, combined with 
the 180 degrees from the active element will provide 
ALMOST, but not quite the 360 degrees needed for 
oscillation. This is where the single pole roll off comes 
in. Examining 11C shows that the loop gain peaks first 
then dips. This is due to primarily a complex pole pair 
and a complex zero pair. The peak is a result of the 
crystal resonating with all circuit capacitances: 


Wp:= 
1 


v'Lo· 
CTOT 


The complex zero pair comes about when the crystal 
resonates with all capacitances except for the CTOPand 
CBOTcombination: 


1 


[c 
C] 
Wz = 7.7656489. 107 


La· C:~C~ 


The phase shift at the complex pole pair passes 
through 
zero and the amplitude peaks to provide the 


oscillation point. The phase then goes past the point 
needed for oscillation and then passesthrough 
zero 


again at the complex zero location, returning to the 90 
degree point where it started. The amount that the 
phase shift passesthe point necessary for oscillation is 
called the phase margin. This depends on: 


1. The proximity of the complex zero and pole pair, 


which is determined 
by the difference in value of 
the CTOPand CBOTcombination 
relative to the 


external circuit capacitances. Large parasitics 
decrease the distance between the pole and zero 
pair, degrading the phase margin. 


2. The circuit "Q:' which is a function 
of the reflected 


crystal resistances. Applying the reflection algorithm 
described above shows that large capacitive parasitic 
values produce a lower "reflected" 
crystal resistance 


and thus a lower "Q:' Additionally 
low values of 
parasitic loss resistances present at the oscillator pin 
will have the same effect. 


If both of the above situations exist, the phase may not 
cross the zero point at all and oscillations will not start. 
The exact analysis procedure in Appendix A gives a 
quantitative description of this situation. 


Nyquist Criterion: 


In Figures 11C and 11D in Appendix A, note that the 
loop gain falls to below unity at the complex zero 
point. A situation can exist where perhaps, if gM is 
large, the loop gain will remain above unity, even at the 
complex zero frequency. This represents a violation of 
the Nyquist criterion for oscillation in that the Nyquist 
plot never encircles the -1,0 point. This can happen 
with crystals at the lower frequencies around 1MHz or 
so. Appendix A gives a quantitative analysis of this 
situation, and reference [5] goes in detail for the theory. 


Final Oscillation Amplitude: 


This section outlines a qualitative explanation of the 
final oscillation amplitude. For a complete analysis, refer 
to references [1] and [4]. Appendix B gives an example 
analysis using the numerical methods of the MathCAD 
software on an IBM Pc. If the user is interested at a 
higher level, please contact Micro Linear for design 
parameters. 


Given the loop gain at the frequency where the phase 
shift crosses zero, oscillations start and then increase in 
amplitude. The waveforms across CTOPand CBOTin 
Figure 10 are close to sinusoidal due to the high Q of 
the circuit. The drain current of the MOS transistor, 
however, is a square law version of the gate to source 
voltage. Thus, at large signals, the effective gM of the 
transistor is reduced by a factor which is related to only 
the first harmonic of the drain current. This is the only 
component 
which is fed back around the loop due to 


the high Q. For a given small signal loop gain, the 
amount of oscillation amplitude 
necessary to maintain 
the large signal loop gain at one will determine the 
final oscillation amplitude. For a typical Micro Linear 
design, this usually falls within the power supplies. 
Occasionally, then the loop gain is high, the amplitude 
may exceed the power supplies but is "clamped" 
by 


the input static protection 
diodes present on the 


oscillator pin. This forward biases the substrate, but the 
input protection 
structure of the oscillator pin prevents 


any harmful effects from this phenomenon. 


3.0 
Design Parameters 


The following 
section outlines some parameters 


necessary to perform the hand calculation analysis 
described above and the exact analysis in Appendix A 
for various Micro Linear chips at the time of this 
application 
note: 
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ML2200, ML2208, ML2230, ML2233, ML2221: 
These designs are restricted to 3-7MHz only; no 
. 


frequency trim. Provide minimum 
parasitic from pin to 


ground 
possible. 


CTQP:10pF 
CBOT:12pF 
Typical gm: SOOf.lAIV 
Typical RLT:8kO 
Rp at 3MHz: 240kO (see Appendix 
D) 


Rp at 7MHz: 140kO 


ML2031, ML2032: 
These designs are restricted to 3-1SMHz only; 
frequency trimming 
with capacitor allowed if desired. 


CTQP:16pF 
CBOT:16pF 
Typical gm: 1.6mAIV 
Typical RLT:80kO 
Rp at 3MHz: 220kO (see Appendix 
D) 
Rp at 1SMHz: 100kO 


ML2035, ML2036: 
These designs are restricted to 2-18MHz only; 
frequency trimming 
with capacitor allowed if desired. 


CTQP:18pF 
CBOT:18pF 
Typical gm: 1.6mAIV 
Typical RLT:80kO 
Rp at 2MHz: 290kO (see Appendix 
D) 
Rp at 1SMHz: 100kO 


In addition, the package pin capacitance is needed 
along with any stray capacitance due to the bond wire, 
ete. These values vary from device to device, but an 
approximate value would 
be about 1-3pF. 


4.0 
Crystal Specifications 


For most situations, standard microprocessor type 
crystals will work fine in these circuits. If more precise 
frequency tolerance or unusual frequencies are desired, 
a special grind will have to be orderd from a crystal 
manufacturer. 


1. Calculate what capacitance will be seen by the 


crystal in your board, then specify this to the crystal 
manufacturer. 


2. An approximation 
of the series resistance tolerable 
can be made using the above analysis or the exact 
analysis in Appendix A. One fact which is rarely 
known is that crystal resistances on startup can be 
much higher than when the crystal is being excited. 
Specify both a low level maximum series resistance 
and an operating level series resistance (e.g., 10nW 
to 1f.lW startup level and 1f.lW to 200f.lW 
operating 
level). An equation to calculate crystal dissipation is 
given in Appendix A. 


3. Frequency tolerances of about .00S'1oare common, 


tighter tolerances are available. 


4. Frequency stability over temperature 
(0-70"C) of . 


about .OOS%are common; special order for extended 
temperature 
range or tighter tolerance. 


S. Frequency stability is typically dominated 
by the 


crystal itself. Temperature coefficients of the parasitic 
capacitances come into play and can be calculated 
using the equations described above. Variation of the 
oscillator gm and internal capacitance values versus 
temperature 
has a very minor role in stability 
(1-Sppm or so over 0-70"C). 


5.0 
Board level Design Verification 


Some simple tests can be performed 
during the 


debugging 
process to verify that the crystal being used 


and the parasitics present are acceptable for 
manufacture: 


1. Measure the crystal parameters. A procedure 
to do 


this is described below. This is a procedure 
described in reference [6]. 


I. 
MEASURE 
PEAK 
AMPLITUDE 
AND 
FREQUENCY: --0r 
PEAK 
AMPLITUDE 
GIVES 
Ro 
VALUE. 


2. 
OPEN 
SWITCH, 
MEASURE 
PEAK 
FREQUENCY 
(THIS 
SHIFTS 
UP) 


t>I = __ 
1 _ 
CT 
= 100pF 
+ Cc 
ICASE 
CAPACITANCE) 


87T2fsCrLo 


SOlVE 
FOR 
lo. 


3. 
Is= 
~, 
SOlVE 
FOR 
Co 


2TTy loCo 


2. Observe crystal startup at the high temperature/low 


power supply specification of your system. Crystal 
startup is the most stringent test of the design. Often 
times the series resistance of the crystal at low levels 
is many times that at operation. 
Do this over a wide 


sample range of the intended crystal to be used. 


.J> Micro Linear 


supply case. This is to insure that the buffer that 
squares the sine wave up remains operational. If less 
than 2 volts, consider using a crystal with a lower 
series resistance or decrease parasitic capacitance on 
the oscillator pin. Do not use long lead lengths or 
traces from the oscillator pin to the crystal. 


4. Observe crystal startup times. This is a good 


indication 
of available loop gain. Crystal startup time 


is a function 
of the real part of the closed loop 


transfer function. 
Appendix C provides a sample of 


how to calculate a root locus plot versus varying 
gm's. 


5. When observing the oscillator pin, use a FETprobe 


or use a standard probe in series with a 1pF 
capacitor to prevent loading the pin with excessive 
parasitic. When observing frequency stability, use a 
spectrum analyzer with an antenna wire pickup to 
minimize 
parasitic effects. Alternately, if a buffered 


output 
of the oscillator is available, measure the 
frequency 
at this point. 
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This document 
is an exact small signal analysis of the one pin oscillator 
using the MathCAD 
software package. 


-6 
TOL - 10 
sets MathCAD tolerance 


-12 


Ctop - 16·10 
-12 
Cbot - 16 ·10 
-12 
Cc - 5·10 


-3 
Lo - 8.005813989·10 
-15 
Co - 20.7558457·10 


(Os 
7 


= 1.2346594·10 


4 
Qxtal = 4.14·10 


-12 


Ceq 
8·10 
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****Transistor 
Characteristics: 
-3 
3 


gm 
:= 1.6·10 
Rlt 
:= 80·10 


**External 
pin 
parasitics--this 
is 
the 
real 
and 
imaginary 
parts 
of 
any 


external 
parasitic 
at 
the 
oscillation 
frequency) 
: 


3 
-12 


Rext 
:= 100·10 
Cext 
:= 5·10 


-11 


1. 8 ·10 


-11 


Cpt = 1·10 


****Equivalent 
Capacitance 
for 
Pole 
Pair: 
Cptot 
-14 
Cpol = 2.073·10 


7 
Fpol = 
1.235371· 
10 


~LO·CpOl 


-6 
zx = 
1. 327 .10 


4 
Q = 4.143·10 


2 


Rpx 
.- Q 
·Ro 
10 
Rpx = 2.574·10 
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4 
Rxtal = 3.415,10 


Total parallel 
resistance at the oscillator pin: 
1 
1 


Gsurn .- 
+ 


Rext 
Rxtal 


4 


Rsurn= 2.546,10 


3 
Rref = 6.364,10 


****Total Load Seen at Transistor 
Source: 
Rlt 
3 


Rl 
:=Rref' 
Rl=5.895·10 
Rref + Rlt 


****LOOp Gain Calculated with Reflection Method: 


Cbot 


n1 .- (Co'Ro + Co Rext + Cpt'Rext) 


n2 .- (Co'Lo + Co 'Cpt'Ro Rext) 


n3 .- (Co'Cpt'Lo'Rext) 


guess first zero location: 


-1 


(0 .- 
Rext· (Cpt + Co) 


5 


(0 = -9.9792871' 10 


s .- (0 


root [n3's 
3 
2 
+ n1's + no,s] 
z1 .- 
+ n2's 


5 


z1 
-9.9792906' 10 


G~Micro Linear 


7 


w = 
7.7656404- 
10 


s 
:= w-i 


z2 
:= root[n3-S 
3 
+ n2_S 
2 
+ n1-s + no,s] 


3 
7 


z2 = 
-1.9722866 
10 
+ 7.7656391- 
10 i 


5 


z1 = -9.9792906- 
10 


3 
7 


z2 = 
-1.9722866- 
10 
+ 7.7656391- 
10 i 


l 


CO-LO + Co 
Ctop-Ro 
Rlt + Co 
Ctop 
Ro 
Rext + Co 
Ctop-Rlt 
Rext 
... 


d2 
.- 
+ Co 
Cbot 
Ro 
Rlt + Co 
Cbot 
Rlt 
Rext 
+ Co-Cpt 
Ro 
Rext 


+ Ctop 
Cbot 
Rlt 
Rext + Ctop 
Cpt 
Rlt 
Rext + Cbot 
Cpt 
Rlt-Rext 


.. ] 
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5 


ffi = -2.3809524' 
10 


p1 
:= root[d4'/ 
+ d3.s 
3 
+ d2.s 
2 
+ d1's 
+ dO,S] 


5 


p1 = -2.492'10 


5 


ffi = -5.6423611' 
10 


[ 


Ctop'Cpt 
] 
Rlt· 
Cbot 
+ --------- 


Ctop 
+ Cpt 


p2 
:= root 
[d4 .S 
4 
+ d3' S 
3 
+ d2' S 
2 
+ d1· S + dO, S] 


5 


p2 = -8.6971683' 
10 


7 


ffi = -7.7620652' 
10 


3 
7 


p3 = -1. 3566881· 
10 
- 
7.7620647' 
10 i 


***************Summary:*************** 
tp := 2'11: 


5 


zl = -9.9792906' 
10 
zl 
5 
= -1. 5882534· 10 


3 
7 


z2 = -1.9722866' 
10 
+ 7.7656391' 
10 i 


7 


-313.899161 
+ 1.235939& 
10i 
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5 


p1 = -2.492351- 
10 
p1 
4 
= 
-3.9666998- 
10 


5 


p2 = 
-8.6971683- 
10 
5 
-1.3841973- 
10 


3 
7 


p3 = 
-1.3566881- 
10 
- 7.7620647- 
10 i 


7 


-215.9236169 
- 1.235371 
10i 


432 


d4-s 
+ d3-s 
+ d2-s 
+ d1-s 
+ dO 


~ 


"'" 


~ 


~ 


~ 


"- 


~ 


-I 


~ 


ffiX 
X 
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Ph 
._ 
[arg(H(iffiX)) 
.1:0] 


ffix 
x 


range 
.- (IIm(z2) 
I - 
I Im(p3) 
I) 
range 
.- range· 
.2 


10 .- I Im(p3) 
I 
- 
range 


hi .- I Im(z2) 
I + range 


ffix 
:= 
[(hi 
- 
10) .~ 
+ 10] 
n 
100 
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20 I 
ZS 


20 
loq [H [i 
roxn] ] 
;7 
s::-s;;: ----------s 
. 
s ------ 
<::> 


-40 
-------------- 


ffiX 
n 


....•.•.. 


/ 


\ 
I 
\ 
I 
I 
\ 
/ 
'- 
~ 


7.761e+007 
ffix 
7.767e+007 
n 


- 
,/ 
"- 
Il 


"- 
/ 


mg 
7 
-1. 2353708- 
10 i 


check: 
arg(H(ffioSC» 
= 180-deg 


ffiOSC 
7 


-- 
= 
-1.2353722- 
10 i 


tp 
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guess 
first: 
rog := i 
- (Im(z2) 
- 
100) 
rog 
7 
1.2359383- 
10 i 


check: 
arg(H (rozer» 
= -179.999- 
deg 


rozer 
7 


= 1.2359386-10 
i 


Find 
phase 
margin 
for 
oscillator 
(maximum phase 
between 
complex 
pole 
and 
zerG 
pair) 
: 


rox 
n 
. - 
- [( I rozerl 
- 
I rooscl) 
n 
+ 
I rooscl 
+ 100] 
105 


1t 
- 
max [angle 
(Re (H(i 
rox)) , Im (H(i 
rox)) )] 
= 
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This 
goes 
through 
an 
example 
calculation 
of 
the 
reduction 
in 
small 
signal 
gm 
due 
to 
a 
certain 
amplitude 
across 
Ctop 
or 
the 
gate 
of 
the 
MOS 
device. 
The 
analysis 
can 
be 
carried 
out 
in 
a more 
general 
manner 
and 
graphs 
can 
be 
plotted 
out 
for 
the 
purpose 
of 
providing 
a graphical 
solution 
to 
ascertain 
the 
final 
oscillation 
amplitude 
given 
an 
initial 
set 
of 
bias 
conditions. 
The 
procedure 
is 
for 
example 
purposes 
only. 
If 
the 
reader 
requires 
more 
specific 
information, 
please 
contact 
Micro 
Linear 
directly. 


700 
-6 
~.- 
47"10 
4.2 


idq 
.- id (vbq) 
-4 
idq 
.- 2.112"10 


gmq 
:= J2"~"id(vbq) 


gmq = 0.0018173 


-8 
TOL 
:= 10 


-=-" J 


2 


"1t 
id(vin(t,vb)) 
dt 
2"1t 
0 
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[ 
1 
f2.n; 
] 


---. 
id(vin(t,newvb» 
dt 


2'n; 
0 


-4 
2.112,10 


1 f2.n; 


id1 
:= _. 
id(vq(t» 
·cos«(O·t) 
dt 


n; 
0 


-4 


id1 = 3.624,10 


-4 
GM = 7.247,10 
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id [Vg[tX]]' id(newvb) 


vg[t X]' newvb 


o 


0.0009 
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This 
calculates 
the 
real 
and 
imaginary 
parts 
of 
the 
closed 
loop 
transfer 
function. 
The 
real 
part 
is 
the 
time 
constant 
of 
the 
initial 
exponential 


startup 
transient. 


- [:0] 


gm 
.- 10 
x 


-6 
TOL - 10 


Calculate 
root 
locus 
for 
gm. 
These 
are 
the 
roots 
of 
the 
characteristic 


equation 
of 
the 
closed 
loop 
transfer 
function. 
See 
Appendix 
A 
for 
the 


definitions 
of 
the 
coefficients 
shown 
below: 


4 
3 
2 
d4's 
+ 
[d3 + n3' gmx .rmb] .s 
+ 
[d2 + n2'gm 
rmb] 'S 


clp 
.- root 
x 
... 
,s 


x 


+ 
[d1 + n1'gmx'rmb] 
'S 
+ dO + nO'gm 
'rmb 
x 
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I 
11 


V 
/ 
/ 
"" 
"-... 


gIn 
x 


Note 
in 
the 
above 
plot 
that 
there 
is 
a 
limited 
range 
of 
gIn'S for 
which 
the 
poles 
of 
the 
closed 
loop 
transfer 
function 
remain 
in 
the 
right 
half 
plane. 
In 
other 
words, 
too 
low 
a gIn creates 
too 
low 
a gain. 
However, 
too 
high 
gIn values 
also 
violate 
the 
Nyquist 
Criterion. 
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This 
shows 
how 
to 
calculate 
the 
real 
part 
of 
the 
on 
chip 
bias 
resistor 
Rp 
for inclusion 
in 
the 
loop 
gain 
calculations. 
This 
was 
done 
on 
MathCAD. 


This 
is 
a 
calculation 
of 
the 
Real 
part 
of 
a distributed 
RC 
network 
with 
one 
end 
shorted 
to 
ground. 
A 
parallel 
R part 
is 
calculated. 


Following 
DC 
resistance 
values 
are 
for 
the 
ML2031, 
ML2035, 
and 
ML2200. 
The 
total 
capacitance 
is 
also 
calculated 
for 
the 
network. 


3 


240·10 
3 


rO 
.- 
640·10 
6 


10 


-15 
10 
cO 
.- rO 
·100· .08·----- 


m 
m 
3 
4·10 


Define 
a 
range 
of 
frequencies 
to 
use: 
6 
10 
f 
.- n·--- 
ro := (f·2·n) 


n 
2 
Calculate 
the 
admittance 
of 
the 
distributed 
network: 


J 
i 
.ro 
. cO 
.rO 
n 
m 
m 


rO 
m 
y1 .- 
[ZO .t:nh (0 ] 


r .- 


[Re:Y1J 


n,m 
i·ro 
·cO 
n 
m 
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6 


~ 


\ 


+- -I- ~...,..... 
"'L 
-a:: •...... 


- 


r 
,r 
,r 


(n,l) 
(n,2) 
(n,3) 
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An Improved Method of Load Fault Detection 


High frequency supply designs pose unique problems 
in fault detection. A typical method of output fault 
detection in most standard controllers is to provide a 
cycle-by-cycle current limit (VTH1) to limit the peak 
current in the output switch. In addition, these 
controllers have a second current limit (VTH2), which is 
typically set 40% higher than the cycle by cycle limit. 
Crossing VTH2 on the ISENSEinput resets the Soft Start 
circuit and allows current in the output to decay 
before re-starting the system. 


In theory, by the time the power output stage can 
begin to turn off from having crossed VTH1, the output 
current will have exceeded VTH2 and a soft start reset 
wil be performed. This technique works well if leakage 
inductance is low and turn-off delay is high enough to 
cause enough energy to transfer to the output 
inductor, causing the current to build up in 
subsequent cycles (figure 2a). This current build up 
takes place when the output is short circuited because 
the output inductor has almost no voltage across it 
and therefore a very shallow discharge slope. If, 
however, energy transfer is low due to fast turn-off of 
the outputs (which is desirable to minimize switching 
losses)energy transfer to the output inductor will be 
minimized, resulting in the supply continually running 
at the cycle by cycle current limit to a short circuit 
with no reset occurring (figure 2b). 


High frequency controllers are designed to minimize 
TPD and turn off the output MOSFETgates quickly. 
This implies that the event which triggers soft start 
reset will not persist for very long if it is detected at 
all. The short persistence of the triggering event 
requires that Q1 discharge C1 in a very short time, 
typically resulting in a partial discharge and an 
inadequate reset. A solution to this problem (figure 3) 
is implemented in all of Micro Linear's PWM lC's. Flip- 
flop (F2)and comparator (A4) are added to the circuit, 
to ensure a full reset. If desired, a delay (as 
implemented 
in the ML4809 and ML4811)can also be 
added before restart, which lowers the system's 
effective duty cycle allowing the supply to cool down. 


G~Micro Linear 


Application Note 10 


Figure 3. Improved 
Soft Start Reset with Delay - 
ML4809 


Integrating 
Fault Detection 


The "two threshold" detection technique described 
above limits the system designer's freedom to optimize 
his magnetics and minimize switching time. Since 
detecting the fault relies on building inductor current 
up on successive cycles, propagation delay cannot be 
minimized (as shown in figure 2) for this technique to 
work. Since these two parameters are important terms 
in high frequency supply efficiency, the need to 
compromise due to inadequacies in fault detection 
presents a problem. 


A method of circumventing 
this problem involves 


"counting" 
the number of times the controller 


terminates the PWM cycle due to the cycle by cycle 
current limit. 


Figure 4. Integrating 
Soft Start Reset Circuit 
with Delay (ML4811) 


Figure 4 shows the Integrating Fault Detect circuit. 
When the 
11iM signal (switch current) crosses the 1.1V 
threshold A1 signals the F1 to terminate the cycle and 
sets F3,which is reset at the beginning of each PWM 
cycle. The output of F3 turns on a current source to 
charge C2. When, after several cycles, C2 has charged 
to 3\1,AS turns on F2 to discharge soft start capacitor 
C1. Charge is continually bled from C2 by R1. If a 
current surge is short lived (for instance a disk drive 
start-up or a board being plugged in to a live rack) the 
control can "ride out" the surge (figure Sa)with the 
switch protected by the cycle by cycle limit. R1 and C1 
can be selected to track diode heating, or to ride out 
various system surge requirements as required. 


If the high current demanded is caused by a short 
circuit (figure Sb), the duty cycle will be short and the 
output diodes will carry the current for the majority of 
the PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit whef) the output 
diodes are being maximally stressed. 


Figure 5a. Integrating 
Fault Detection 
Response 


to Load Surge 


'''lrr''-rr-----...: 
=- :.-~ ~ 


SWITCH CURRENT AT /lUM) PIN 
't----------------- 


Figure 5b. 
Response to Load Fault (Short Circuit) 


The Integrating Fault Detection circuit allows reliable 
detection of output faults independent 
of supply 


magnetics and propagation delays. Additionally, this 
method of fault detection is inherently noise immune, 
programmable, and can distinguish between load 
surges and load faults (short circuits). 
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Power Factor Enhancement Circuit 


A simple enhancement 
circuit for the ML4812 is 


described. The circuit which will be called the power 
factor enhancement 
circuit 
greatly improves the power 


factor while reducing the total harmonic 
distortion 
of 


the current waveform. 


The circuit 
details for implementing 
the power factor 


enhancement 
circuit 
are given below. Figure 1 shows 


the schematic diagram of the circuit. The circuit 
operates by generating a small DC current 
bias and 


injecting 
it into the ISINE(pin 6) input of the ML4812. 
This current 
injection 
has the net effect of improving 


the zero current crossover distortion. 
It does this by 
lifting the shoulders of the current waveform around 
the zero crossover areas. 


The circuit 
in the dotted lines in Figure 2, shows the 


details of the implementation. 
The circuit 
automatically 


adjusts the amount of the injected DC bias as a 
function 
of the line voltage. The reason behind the 


variable amount of DC current 
injection 
is that at 


lower input voltages, the amount of DC bias that is 
required 
is less. 


Based on experience, the amount of bias required at 
220 VAC is approximately 
four times higher than at 120 


VAC The proper scaling can be adjusted 
by choosing 


appropriate 
values for the various resistors used and 


the zener diode voltage. The amount of bias that is 
required 
is a function 
of the boost inductor 
value and 


the ramp compensation. 
For best performance 
the 
value of the inductor 
should be chosen as high as 


possible which in turn will necessitate a small amount 
of ramp compensation. 


One way to find the required 
bias currents is 


summarized 
below: the first step is to find the 


optimum 
bias at the nominal operating 
point, for 


example, at 120 VAC This is done by connecting 
a 


variable resistor to the reference output of the IC The 
initial value of the resistor is selected such that, the 
bias current 
equals the peak to peak ramp 


compensation 
voltage when the duty cycle is at its 
maximum. After the optimum 
value at the nominal 


operating 
conditions 
is found the input voltage is 


increased to 220 VAC and the same procedure 
above 


is repeated to find the optimum 
value of the resistor at 


the 220 VAC nominal operating 
conditions. 
The bias 


currents corresponding 
to the two resistor values 


above can be used to calculate the values of the 
components 
in the enhancement 
circuit. The formulas 


for calculating the various components 
are given below: 


0.9V1N(RMS) 
R6 


V C3 (VIN) = -R-1-+-R-2-+-R-6- 


VC3 - VBE- Vz - VIS1NE 


IISINE(VIN) 
= 
R7 


IISINE(220 
VACl 
r = 
IISINE(120 
VACI 


VC3(220VACI- VBE- Vz - V1S1NE 
r = 


VC3(120VACI- VBE- Vz - VIS1NE 


IISINE(VINI= Bias current into the ISINEinput as function 


of the input voltage. 


VBE 
= Base emitter voltage of Q3 (0.7V nominal). 


V1S1NE 
= Voltage at ISINEinput, typically 0.7Y. 


= Ratio of bias current at 220 VAC input to 


the bias current at 120 VAC input. 


By chosing a value for VC3(220VAC)the value of VC3(120VACI 
is also found. These two values can be substituted to 
the equation above to calculate the required value for 
Vz. The value of R7 can be found by using (2). The 
values of the remaining components 
can be calculated 


by using (1). 


REC1IFIED 


INPUT 


VOlJACE 
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IN5406 
11-- 
566jJH-- 


04 


RIA 
R4A 
RPA 
180K 
lBOK 
360K 
R3 
33K 


R18 
R48 
RP8 
R7 


180K 
180K 
150K 


CF 


RSA 
RSC 
5K 
51K 
R2A 
5K 


RM 
R28 
R58 


27K 
3K 
3K 


The circuit 
of Figure 2, is a 1KW input, power 
factor 
regulator. 
For this circuit 
the values of the 
enhancement 
circuit 
components 
were as follows: 


R1 + R2 
R6 
R7 
D2, Vz 
Q3 


= 330K 
= 22K 
= 22K 
= 3.5V 
= 2N2222 or any equivalent 
small signal 


transistor. 
. 


C3 
= 10t-tFelectrolytic 
cap 


Table 1 shows the performance 
of the power factor 
regulator 
with and without 
the enhancement 
circuit. 


Input 
Input 
Power Factor 


Voltage 
Power 
With 
Without 
(YAe) 
(W) 
Enhancement 
Enhancement 


120 
742 
.998 
.991 


365 
.994 
.976 


220 
706 
.996 
.976 


352 
.969 
.940 
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Generating Phase Controlled Sinewaves 
with the ML2036 


Introduction 


The 16-bit resolution of the ML2036 combined with its 
Inhibit feature makes it a powerful tool for generating 
precision sinewaves. It can produce frequencies from 
DC to 50kHz in 1Hz increments with --40dB harmonic 
distortion and has the control to stop the output at 
any given time or at the next zero crossing, with no 
external components. 


Precise phase control can also be obtained with the 
addition of a few external devices. With the addition of 
phase control two or more ML2036 sinewave 
generators can be synchronized at any angle from 0 to 
360 with better than 1 degree resolution. 


In order to place the ML2036 in Inhibit mode three 
conditions 
must occur simultaneously. The three-level 


PDN-INH input pin must be at the Vss voltage (-5V), 
the shift register must be loaded with all zeros, and 
the LATJpin must be a logic "1" (+5V).Once these 
three conditions are met the output continues to 
operate until it reaches Vas + IVxl if the next zero 
crossing is positive going, or Vas -Ivxl 
if the next 


zero crossing is negative going, and then holds this 
level (see figure 1). The output will stay at this voltage 
until a new frequency is loaded into the data latch, at 
which point the output will continue where it left off. 
If the output stopped at zero after approaching from 
below OV then it will start-up going positive. If it 
stopped after approaching from above OVthen it will 
start-up going negative. 


SCK 


SIDmOl 
2 3 4 5 6 7 6 9 10 1112131415: 


~I 
~ 


Initialization 


In order to synchronize the ML2036 you must first 
initialize it so it will start up at a known point in the 
sinewave. By using the Inhibit mode you can stop the 
part at OV but you can't be sure from which direction 
it approached zero, or more importantly which 
direction 
it will start-up. If you can guarantee that it 
stopped while approaching from below OVthen you 
can be sure it will start-up going positive. This can be 
done if the LATJpin is not allowed to be high when 
the output is above gruund. The circuit in figure 2 and 
the following procedure demonstrate how this can be 
implemented. 


1) 
Power up 


2) 
Set LAT high 


3) 
Set INH low 
4) 
Load MSB: 0001 0000 0000 0000 :LSB 
5) 
Set LAT low 
6) 
Wait at least 1 output cycle time 
7) 
Load all Os 
8) 
Set INH high (INH must go high before LAT by at 
least a NAND gate delay) 
9) 
Set LAT high 


10) Wait at least 1.5 output cycle times 
Output stops at OV going high 
11) Load desired frequency 
12) Set LAT low 
Output begins at OV going high 
13) Set INH low 


Iv 
I • 
vPfAK 
. For f 
< 
feLK 
x 
256' 
OUT - 
2048 


. 
VPfAK 
(8mOUT 
Tf ) 


IVxl 
,s 256 + VPfAK Sine 
~ 
+ 512 


feLK 
For fOUT > 2048 
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Synchronization 


At the completion 
of step 10 the part is initialized. Its 
output 
is stable at about OV and will start up going 
positive. If you want to synchronize the output with 
some external event you can load the shift register with 
the desired frequency (step 11) and then set LAT low 
(step 12) synchronously with the external event. If you 
want to synchronize two ML2036 sinewave generators 
together initialize them both as described, and then set 
LAT low (step 12) on both circuits simultaneously. 


Precise phase control between two parts can be 
achieved by initializing both parts, starting one and 
then waiting a known time before starting the other. 
For example, to produce two 5kHz sinewaves with 90° 
phase shift you should wait 50jis between starting each 
circuit. Since the ML2036 uses a 3MHz reference clock 
to update the output (assuming a 12MHz clock is used 
to drive eLKIN) the phase resolution will be 0.6°. This 
resolution will vary from 0.0012°for two 10Hz signals to 
6° for two 50kHz signals. 


+5V 


Ml20J6 


Vcc 
VOUT 
VOUT 


VREF 


SCK 
SCK 


SID 
SID 
AGNO 
liP 
tAT 
tATI 
eLKIN 


INH 
PON- 
GAIN 
CJ 
INH 


Vss 
OGNO 


-5V 


+5V 


+5V 


55k 
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Designing with 10Base-T Transceivers 


Micro Linear's family of 10Base-Ttransceivers offer 
highly integrated solutions for internal and external 
MAUs (Media Attachment Units) as well as HUB MAUs. 
These chips offer a high performance current drive 
transmitter with very low jitter and RFI noise. The 
Ml4652 and Ml4658 are 10Base-Ttransceivers that 
provide an AU interface for internal and external DTE 
MAUs while Ml4654 and Ml4655 provide TIl 
and ECl 


interfaces suited for Multiport 
Repeaters. 


The following 
application note will cover some of the 


design issues that arise when designing either type of 
Media Attachment 
Units for local Area Networks based 


on 10Base-T. 


Figure 1 shows a detailed schematic for an internal 
MAU design with a shared AUI (Attachment Unit 
Interface) port. The optional port requires additional 
circuitry as defined in the IEEE802.3 specifications for 
proper termination 
and protection 
at the serial 
interface chip (or Manchester Encoder/Decoder) and 
the 10Base-Ttransceiver chip connected to an AUI 
port. 


An AUI connection 
requires termination 
impedance of 


780 on the receive end of the transmission lines (DI 
and CI). As such R1 and R2 in parallel with R3 and R4 
provide the proper termination. This also applies to 
the receive output pins 4 and 5 of the transceiver chip. 
The 3570 resistors for R3 and R4 was chosen to 
properly bias the driver circuitry (see section on AUI 
driver output). The 2kO values for R7 and R8 were 
chosen to provide the BIAS voltage for Tx+ and Tx- 
inputs. This also will not load down the 780 
transmission line when the AUI port is connected and 
the transceiver chip is tri-stated. The output AUI 
drivers of the transceiver chip must be tri-stated to not 
load down the transmission lines when the AUI port is 
connected and the twisted pair port is disconnected. 
Powering down the chip will tri-state the outputs. 


The transceiver can be powered down by switching 
Vcc to GND as shown or by switching the ground 
connection 
to open condition. A logic level MOSFET 


with an "on" 
resistance (RDSON)of 0.50 or less can be 


used by connecting to the ground pin of the chip to 
power down the chip. When switching the ground off 
one must also include the ground connections of the 
driver resistors of COl and Rx outputs (R3, R4, R11, 
and R12).Another method of powering down the 
transceiver is to use an external mechanical switch as 
shown. 


The isolation transformer is required for protection 
of 
the transceiver chip from 16V with respect to the 
system ground at the AUI interface during a fault 
condition 
as specified in 7.4.1.6.and 7.4.2.6sections of 


the IEEE802.3 standards for both the driver and the 
receiver. 


If a shared AUI port is not required, then the design 
becomes simpler. Figure 13 of the datasheet shows AC 
coupling between the serial interface and the 
transceiver. This is to block DC bias voltage of the 
serial interface chip that may not match that of the 
transceiver. Micro linear's transceivers require the 
input bias to be between 2.5V and 4.5V for CI and DI. 
If the two chips are compatible one can eliminate the 
AC coupling capacitors and bias resistors. By using a 
DC coupled interface, biasing the driver outputs is all 
that is needed for proper operation (Figure 2). 


lWisted Pair Interface 


The twisted pair connection 
to 10Base-Trequires 


additional filtering and isolation components. The 
output structure of the twisted pair drivers are of the 
current drive type. This poses several very significant 
advantages when driving the twisted pair medium. 
Because the drivers are current driven, the differential 
outputs are well matched for a balanced signal 
transmission. Balanced transmission is crucial for 
meeting tight regulations on signal shapes. Also current 
driven outputs produce lower common-mode 
voltages 


for a lower EMI radiation. This can be a very significant 
issue when facing FCC regulations. Another advantage 
to current mode is that output drive, can be easily 
adjusted to compensate for losses in the transformer 
or output filter. RTSETwill set the level of output drive 
current by the relationship: 


RTSET= (RLl100)• 220 


where Rl is the characteristic impedance of the 
twisted pair cable. 


The twisted pair differential output will see an effective 
resistance of 500 from the parallel combination 
of the 


two 2000 resistors and reflected secondary AC line 
impedance of 1000 for unshielded twisted pair. By 
driving 42mA to the 500 complex load, the differential 
signal voltage will swing ±2.5V 
peak around the 5V 


bias point when taking transients into consideration. 
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The isolation and filter components for both transmit 
and receive lines can all be integrated into one dip 
package style module. One such product can be 
obtained from Valor Electronics in San Diego. There are 
several other manufacturers who have these products 
available (refer to Figure 13 in the datasheet). 


The output 
chokes shown in Figure 1 will pass any 


differential signal but block common 
mode voltages. 
Because Micro Linear's 10Base-Ttransceivers have very 
low common 
mode output voltage, this extra filtering 


choke may not be needed. Good board layout will also 
help. 
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Enable 
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Enable 
Disable 
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Disable 
Enable 
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Disable 
Disable 
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External MAU 


An external MAU design typically adds more LED 
outputs for status indication and adds circuitry for 
configuring 
the chip for SQE and Link Test options (See 


Figure 12 of datasheet). The selection of SQE and Link 
Test circuitry can be implemented 
in various ways. One 


such option 
is to use two SPDT switches to produce 


the proper voltage levels (Figure 3). The selected 
voltage to the SQEN input pin (pin #4 for ML4652 and 
ML4658) will internally configure the chip for the option 
to activate SQE test or Link test. 


AUI Driver 
Output 


The output structure of the driver stage connecting 
to 


the AUf is an open emitter type. The output 
is biased 


at typically 4.2V when high and 3.6V when low. That is 
a differential voltage of about ±0.6V across a 780 load 
which calculates to about Z7mA output current during 
transmission. A 3600 resistor at the output 
pin sets its 
current at 11.7mA when high and 10mA when low. In 
the case when the positive output 
is high, the current 


(10) flowing out of its drive transistor is the sum of 
Z7mA and 11.7mA (Figure 4). That means the current 
flowing out of the negative output 
is 10mA minus 
Z7mA. It then becomes apparent that the termination 
resistance must be low enough as to not shut off either 
of the output drive transistors but not too low as to 
saturate the transistor and dissipate excessive power. 
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Generating Fixed Frequency 


Sine Waves with ML2035 


The Ml2035 
Programmable 
Sine Wave Generator is a 
convenient 
solution for generating accurate sine waves. 


Often an accurate fixed sine wave reference is required in 
applications 
such as Uninterruptable 
Power Supplies. 


Normally 
a microcontroller 
or microprocessor 
is used to 


program the Ml2035's 
output frequency. 


Most power supplies do not incorporate 
a microprocessor. 


This application 
note will show several alternate methods 
for programming 
the Ml2035 
for 50 or 60Hz sine wave 
output using off-the-shelf 
components. 


The circuit 
in Figure 1 programs the Ml2035 
for 60Hz. 
The circuit shifts in the decimal 
number 141 to get t<J 


60Hz with a NTSC color burst crystal (3.579545 
MHz). 


The 'HC4060 
counter is used as an oscillator 
and timer. 
Q5 stays high for 16 clock cycles. During the first 8, the 
'HC165 
shifts out the codes on A thru H which 
are the 
complements 
of 141 (Binary 1000 1101) lSB to MSB 


respectively. During that time, Sl on the 'HC165 
shift 


register is also high. That means that for the next 8 clock 
cycles the Q BAR output will be low, loading in O's for the 
most significant 
8 bits. SCK on the Ml2035 
and ClK on 
the shift register are run from complementary 
phases of 


the oscillator, 
since the 'HC165 
changes data on the rising 
edge of its ClK and the Ml2035 
latches the same data on 


the rising edge. 


4060Q5~ 


I 


Hex 
Binary 
74HC165 Code Frequency 


FOUT D(dec) 
Value 
Value 
ABCD 
EFGH 
Error 


50 
117 
75 
0111 0101 
1000 1010 
-0.15% 


60 
141 
8D 
1000 1101 
0111 0010 
0.28% 


Table 1. Data Codes for ML2035 
using a 


3.575945 
MHz Crystal 


• 
OUTPUT 


+5 


L-.- 


I 


fL- 


I 


DATALATCHESIN------.' 
I 


O~Micro Linear 


When Q5 goes low again, Q6 goes high providing 
a reset 


for the counter and also a shorl'pulse 
for the LATI input. 


The 1K resistor between Q6 an the 4060 Reset line delays 
the reset slightly, effectively 
stretching the LATI pulse to 
50nS. 


This circuit could also be run from + 1OV and GND by 
creating an "artificial 
ground" 
at 50% of the 10V line (two 
1K resistors and a 1OfJFcapacitor). 


For 50 Hz output use the code shown in the table 1. 


The circuit 
in Figure 1 allows the use of an inexpensive 


and readily available 
crystal, but has the disadvantage of 


not being "single pin" programmable 
for 50/60 Hz. The 
circuit 
in Figure 2 requires a non-standard, 
more 
expensive crystal frequency 
but has the advantages of 


being pin programmable 
for 50/60 Hz and eliminating 
the 
shift register. A 2.4576 MHz crystal is a standard value. A 
frequency 
of 2.467238 
MHz is required to generate 
exactly 50 and 60Hz with no error. 


These lower frequency 
(below 3.5Mhz) crystals, however 


tend to be larger in size and significantly 
more expensive. 


Hex 
Binary 
Frequency 


FOUl 
D(dec) 
Value 
Value 
Error 


50 
170 
AA 
1010 
1010 
~0.39% 


60 
204 
CC 
1100 
1100 
-0.39% 


Table 
2. Data 
Codes 
and 
error 
terms 
for 
Ml2035 
using 
a 


2.4576 
MHz 
standard 
crystal 


Application Note 14 


Table 3 shows the codes necessary to generate 50 and 
60 Hz sine waves with the circuit 
in Figure 1 from various 
standard crystal frequencies. 
Note that for the highest 
accuracy, the 4.194304 
MHz crystal yields both 50 and 


60Hz sine waves with no frequency error. 


FCRYSlAL 
74HC165 
Code 
(MHz) 
FOUl 
D(dec) 
D(hex) 
ABCD 
EFGH 
Error 


4.00 
50 
105 
69 
1001 
0110 
0.14% 


4.00 
60 
126 
7E 
1000 
0001 
0.14% 


4.194304 
50 
100 
64 
1001 
1011 
0.00% 


4.194304 
60 
120 
78 
10000111 
0.00% 


6.00 
50 
70 
46 
1011 
1001 
0.14% 


6.00 
60 
84 
54 
1010 
1011 
0.14% 


8.00 
50 
52 
34 
1100 
1011 
-0.82% 


8.00 
60 
63 
3F 
1100 
0000 
0.14% 


Table 
3. Shift 
register 
values 
and 
frequency 
errors 
for 


various 
standard 
crystal 
values 
(fig 
1l. 


To generate 400Hz and 1KHz tones, the circuit of Figure 2 
must be modified 
to shift in 0 for the first 8 clock pulses 
and the data in table 4 for the last 8 clocks. This can be 
accomplished 
by replacing the "Data Decode" 
blocks of 


Figure 2 with the decoding 
shown below. 


FCRYSlAL 
74HC165 
Code 


(MHz) 
FOUl 
D(dec) 
D(hex) 
ABCD 
EFGH 
Error 


6.5536 
400 
512 
200 
1111 
1101 
0.00% 


6.5536 
1000 
1280 
500 
1111 
1010 
0.00% 


Suggested Crystal Manufacturers: 


Nymph/Saronix: 


Pletronics: 


(415) 855-6829 


(206) 776-1800 
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Designing an IEEE 802.3 
FOIRL Transceiver 


Introduction 


The ML4661 FOIRL Transceiver with the ML4621/ML4622 
fiber optic quantizer construct both an internal and 
external Fiber Optic Inter-Repeater Link (FOIRL) 
described in the IEEE802.3 standard. The ML4661 
through 
its standard 802.3 AU interface can be 


connected to an AUI cable, Ethernet Manchester 
Encoder/Decoder 
or Hub controller. The following 
topics will be discussed in this Application 
Note: 


1) ML4661 Features 
2) ML4621/ML4622 Features 
3) Filtering Power & Ground 
4) Attachment 
Unit Interface 


5) Interfacing ML4661 to National DP83950 Repeater 


Interface Controller 


6) Interfacing ML4661 to AT&T T7201 Multi-Port 


Repeater 


7) FOIRL system specification 
8) 10Base-FL(ML4662) 
9) Layout Considerations 
10) Initial debug of the FOIRLl10Base-FLboard 


Ml4661 
Features 


The ML4661 integrates many of the functions needed 
for an FOIRL transceiver. The Attachment 
Unit Interface 


complies with the IEEEstandard offering Transmit, 
Receive, and Collision pair signals. Data transmission 
includes transmit squelch, a 1MHz idle signal, and the 
jabber function. 
The receiver accepts ECL compatible 
levels from the ML4621 or ML4622 quantizer, passing 
through the receive squelch and onto the AUI. The com- 
plete FOIRL state machine is also incorporated 
including 
collision detect, loopback, and low light 


conditions. 
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Figure 1. 


IlED 
= IBIAS + lOUT 


One of the features is the capability to disable or 
enable the SQE function. This allows an FOIRL 
transceiver to be connected to a DTE as well as a 
repeater. When connecting 
to a DTE, SQE must be 


enabled. When connecting 
to a repeater, SQE is 


disabled. The forthcoming 
10Base-FLspecification 
includes SQE test, however, most FOIRL compatible 
equipment 
today supersedes the standard by including 


the SQE feature. 


The ML4661 transmitter consists of a current driver 
output (TxOUT) which directly drives an HP fiber optic 
LED transmitter (HFBR1414). The output structure of the 
driver stage (TxOUT) is an open collector 
(NPN) acting 
as a current source as shown in Figure 1. 


The 1KO pulldown 
resistor on the TxOUT pin prebiases 
the LED by applying a small forward current while the 
LED is in the "off" or low light state. The prebias 
current prevents the junction 
and parasitic capacitances 
from discharging completely when the LED is in the 
"off' 
state, thus reducing the amount of charge that the 


driver must transfer to turn the diode back on. 


The resistor on the RTSETpin controls the amount of 
current driven by this pin (TxOUT). RTSETand the 
pulldown 
resistor together set the extinction 
ratio. To 


calculate RTSETvalue for a certain sink current 
(maximum 80mA) at TxOUT use this equation: 


RTSET= (52mNIOUT) 1620 


The ML4661 Transmitter has been designed to drive the 
cathode of the LED (note: higher optical power 
transmitted corresponds to the low logic state). Current 
flowing through 
the LED corresponds to a logic low. 


When TX- > TX+ (DO on AUI), current flows and this 
will be a logic low. When TX+ > TX- (DO on AU!), no 
current flows (except bias) corresponding 
to a logic 


high. 


The receiver inputs are ECL levels (the ML4661 receiver 
inputs) coming from the ML4621 or the ML4622. When 
LMON1N (TIL) coming from the ML4621 or the ML4622 
is low, and the level of the received signal exceeds the 
receive squelch requirement, 
the receive data is 


buffered and transmitted out to Dl pair. 


The five LED status outputs are active low, open 
collector 
outputs. They provide a visible status of the 


link as follows: 


XMT: is on when transmission is taking place. 


RCV: is on when the transceiver is receiving a frame 
from the ML4621 or the ML4622 (VIN+and VIN-). 
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ClSN: is on when the transmitter and the receiver are 
active at the same time (collision). When a collision 
takes place a 10MHz ± 15% square wave with a 50% ± 
10% duty cycle will be sent out to COl+ and COl- 
output pins. 


JAB:turns on when the transmitter 
is on for more 
than 20 to 150 Msec. When the jabber 
is on, in 


order to not bring down the network, 
the jabber 


logic disables the transmitter 
and turns on the 
collision 
signal COl + and COl-. 


lMON: 
is on when lMONIN coming from the Ml4621 
or the Ml4622 is low and there are signal transitions on 
RX+and RX-. 


Ml4621 /Ml4622 
Features 


The Ml4621/Ml4622 
data quantizer is used for signal 


recovery applications in Fiber Optic systems. The 
Ml4621/Ml4622 
has a wide bandwidth and large gain 


which makes it capable of accepting an input signal 
from a fiber optic receiver as low as 2mV. This analog 
input gets converted to digital outputs at the TTlOUT 
pin or ECl+ and ECl- output pins. 


The TTl output 
has been disabled in this application 


Note by pulling up TTlvcc 
and TTlcND since ECl 


output levels are required by the Ml4661. The 3K 
pulldown 
resistors on the ECl outputs of the Ml4621 


keep the outputs biased in their operating range. Due 
to internal pulldown 
resistors in the Ml4622, the 
external pulldown 
resistors are not required if the ECl 


output are the only outputs being used. The Ml4661 
inputs present a minimal load to the Ml4621/Ml4622 
ECl outputs. 


Ml4621/Ml4622 
include a two stage input limiting 
amplifier with a DC restoration feedback loop. The 
bandwidth of the Ml4621 can be adjusted to the 
particular needs of the application with the capacitor 
across pin 7 and 8 (CF1 and CF2 for high corner 
frequency). The .1pFinput capacitors on V1N+and 
V1N- set the low corner frequency. (The output source 
impedance of the fiber optic receiver must be kept low 
"about 500" to make the input capacitors on VIN+ and 
Vrw effective). 


Since the logic condition for the 802.3 FOIRl is as 
follows: 


"light" 
= 0 


"dark" = 1 


The received signal has to get inverted before it goes 
to the RXIN+ & RXIN- inputs of the Ml4661. When the 
output of the Fiber Optic receiver (HFBR2416)is 
connected to the V1N+of the Ml4621/Ml4622, 
the 
signal is non-inverted 
at the ECl+ & ECl- outputs. 
Therefore, the ECl+ must be connected to the RXIN- of 
the Ml4661 and the ECl- to the RXIN+ of the Ml4661. 
The output of the Fiber Optic receiver (HFBR2416)may 
be connected to the VIN- of the Ml4621 to invert the 
ECl outputs of the Ml4621/Ml 
4622. If this is done, the 
following 
connections must be made. 


ECl+ - 
RXIN+ 
ECl- - 
RXIN- 
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The Link Monitor function 
is implemented 
by the 


minimum signal discriminator 
and the threshold 
generator circuits. The TTluNKMON and ECluNKMON 
outputs both indicate when the input data signal is less 
than a user defined acceptable level. This is done by 
monitoring 
the input signal and peak detecting the 
output of the limiting amplifier and comparing this 
level with the voltage at VTHADj.VTHADjis set by the 
user as specified in the data sheet. To set the minimum 
input signal of the Ml4621 to 3mV, VREFcan be tied 
directly to VTHADjto provide 2.5V at VTHADJ' 


Ml4621: VTHADj= 600 V1NTHIP)+ .7V 
(1) 
Ml4622: VTHADj= 500 V1NTHIP-P) 
(2) 


In these equations V1NTHis the peak or peak to peak 
value of the input signal. The receiver sensitivity can be 
calculated when the Hewlett Packard HFBR2416with a 
typical responsivity of 6mV/pW is being used. 


Ml4621: VrNTHIP)= 3mV(peak) 
(VTHADJ= VREF) 


Received Power = 6mV(p-P)/(6mV/pW) 


= 1pW = -30dBM (PEAK) 
Ml4622: VINTHIP-Pl= 5mV(Peak to Peak) 
(VTHADJ= VREF) 


Received Power = .833pW 
= -30.7dBM (PEAK) 


Note: Peak Power = Average Power + 3dBM 


This meets the IEEE802.3FOIRl receiver specifications. A 
lower threshold level can be set by dividing down VREF 
with a resistor divider, as shown in Figure 2b. By 
choosing 1K and 1400, the VTHADjwill be 2.2 volt in 
the Ml4621 which will set the minimum 
power level at 
about 2.4mV peak and minimum 
launch power at 
-33dBM (considering worst responsivity of 4.5mV/pW). 
However due to a better stability of the link monitor 
in 


the Ml4622, both standards will be met considering the 
worst conditions by tying the VTHADJto VREF.For more 
detailed information 
refer to Application 
Note 6 and 
Application 
Brief 1. 


In the case of oscillation at TTluNKMON, hysteresis can 
be added to the Ml4621 in two different ways as 
follows: 


1) Adding a feedback resistor from the TTluNKMON 
output to the VTHADj(this will only work if a resistor 
divider is being used to arrive at VTHADj). 


2) A capacitive feedback can be implemented 
by 


connecting a capacitor from the TTluNKMON to the 
ISETpin on the minimum signal discriminator 
(this 


will apply if VREFis tied to the VTHADj. 
Note: Adding a 300 ohm to 600 ohm pull-up resistor 
at the TTluNKMON to +5Volt may be needed for the 
stability. 


Based on the layout, the value of the hysteresis resistor 
and capacitor change. Adding 7pF capacitor in the 
Ml4661EVAl board (Fig. 10) will serve this purpose. 
Since hysteresis has been added internally to the 
Ml4622 to increase the stability, the external hysteresis 
components are not required. 
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Filtering Power and Ground 


Filtering is necessary since unintended 
feedback 


through the power supply system (the metallic 
conductive 
path of the +5V power line or the Ground 


reference line for the receiver) can create sustained 
oscillations or degrade the sensitivity of the receiver. 
Filters in the power supply for the post-amplifiers, 
comparator stages and the receiver, prevent noise 
generated by the quantizer output from being 
conducted 
back through the power system to the input 


amplifier stage. 


The quantizer inputs are sensitive low level inputs. Vcc 
and Ground Decoupling 
are necessary. Disabling the 


TIL output (by connecting TILGND and TILvcc 
to Vcd 
of the quantizer will also reduce noise. 


Attachment 
Unit Interface 


The ML4661 and the ML4621 can be used as an internal 
MAU with the option of having a shared AUI port or as 
an external MAU. Figures 3, 4, 5, and 6 show a detailed 
schematic for these three configurations. 


Internal MAU: The AU interface may be AC coupled 
through 
.1pFcapacitors across DO, DI, CI pair (Figure 3). 


They may be DC coupled if the DC levels DO (2V to 
Vcc - .5V), DI (3.6V to 4.5V), CI (3.6V to 4.5V) of the 
manchester encoder/decoder 
& the ML4661 are the same 


(Figure 4). (If DC coupling is used, the BIAS pin is not 
connected and the 390 resistors are not needed.) If AC 
coupling 
interface is used, DO which is an input must 


be DC biased (shifted up in voltage) through the BIAS 
pin for the proper common 
mode input voltage. 


DI and CI are emitter follower outputs which need 
external 1KO or greater (depending on the particular 
manchester encoder/decoder) 
pulldown 
resistors to 


ground. 


By using 1K pulldown 
resistors we can minimize power 


dissipation by not having to drive the 780 AUI cable. 


Internal MAU with Shared AUI Port The AU interface is 
AC coupled through 
isolation transformers T1 (Figure 5). 


This is to protect the transceiver chip, from 16V with 
respect to the system ground at AUI interface during a 
fault condition 
(as specified in Z4.1.6and Z4.2.6 section 


of the IEEE802.3 standards for both the driver and the 
receiver). In addition, it blocks the DC offset voltage of 
the AUI port that may not match that of the transceiver. 
An AUI connection 
requires termination 
impedance of 


780 [(R1+R2)II(R3+R4)]on the receive end of the 
transmission lines (DI and C/). The 3570 resistors for R3 
and R4 are chosen to properly bias the driver circuitry. 
The 2K resistors on TX+ and TX- provide common 
mode bias input voltage for the ML4661. 


The 2430 resistors (RS,R6) drive the DO pair (either the 
DO pair of the AUI port of the ML4661).The output 
AUI drivers of the transceiver must be tri-stated in 
order to not load down the transmission lines when 
the AUI port is connected and the FIBEROPTIC port is 
disconnected. Powering down the chip will cause the 
outputs to be in tri-state (refer to Application 
Note 13). 
This power down circuitry 
is shown in Figure 5. 


Figure 7. AUI Driver Circuitry. 


External MAU: The AU interface is AC coupled through 
isolation transformers (Figure 6). An AUI connection 
requires termination 
impedance of 780. Two 390, 1% 


resistors tied to DO pair provide impedance matching 
(780) as well as the proper common 
mode input 


voltage to the ML4661. 


DI and CI pairs are emitter follower 
outputs. The 


output structure of the driver stage (RX+,RX-,COL+, 
COL-) is open emitter (Figure 7). The output 
is biased 


at typically 4.2V when high and 3.6V when low. That is 
a differential voltage of about + .6V across a 780 load. 


The pulldown 
resistors have to be chosen such that 


during transmission, a minimum 
of 2.0mA can be 


sourced by RX- or COL-. By using a 3600 pulldown 
resistors the RX- or COL- source 2.3mA and the RX+or 
COL+ source 19.4mA as follows: 


IT = .6V/780 = Z7mA 


10+ = I, + IT 
10+ = (4.2V/3600) + ZlmA 
10+ = 11.7mA + ZlmA 
'0+ = 19.4mA 
10- + IT = 12 
10- 
= 12 - 
IT 
10- = (3.6V/3600) - Z7mA 
10- = 10mA - Z7mA 
10- = 2.3mA 


The termination 
resistance must be low enough 


(minimum 
2000) to not shut off either of the output 


drive transistors, but not too low in which case the 
output transistors could saturate. 


Interfacing 
ML4661 to DP83950 


The ML4661 and ML4621 can be used in a HUB 
application. Figure 8 shows the interface between the 
ML4661 and the National Semiconductor 
DP83950 


Repeater Interface Controller 
(RIC).The DI and CI pairs 


are DC coupled but DO is AC coupled with .1pFin 
each lead. The 1KO pulldown 
resistors on the DI & CI 


pairs provide the necessary source current to drive DI 
& CI pairs. 
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20MHz 
CLOCK 


Interfacing Ml4661 to T7201 


The T7201 is AT&T Multi-Port 
Repeater. The analog 
front-end 
of the T7201 interface is shown in Figure 9A. 


It consists of two main sections, Transmit and Receive. 


Transmit Section: The T7201 to line driver interface 
consists of the six signals from the T7201 (MXTD, 
MTXD, PD3-PDO,PDCTL). 


The T7201 HUB controller 
distributes the signal to all 


ports with the exception of the one that transmitted 
the data. The 74Ls154decodes the PD3-PDOaddress 
lines. The output of the 75LS154then selects and 
disables the port that the data was received from. The 
MC10H351 that is selected (disabled) is the only output 
that is not transmitting 
data to its respective transceiver. 


The manchester data is provided 
by the T7201 on the 


MTXD and MTXD lines. The MTXD transmit output 
pin 


of the T7201 gets converted to the ECLdifferential 
pair 


by the MC10H351 and will drive the transmit pair (TX+ 
and TX-) of the ML4661. 


ReceiveSection: The ECL differential 
receiver output 


(RX- & RX+)of ML4661 must be converted to a ITL 
single ended signal. This is accomplished with the 
NE521. 


In addition, the incoming 
receive signal is fed into a 
gated line receiver RCV which is controlled 
by the 
squelch circuitry. 


Squekh Circuit The squelch circuit differentiated 
noise 
from valid incoming 
data on the receive pair. It does 
this by detecting signals that are above a preset voltage 
threshold 
level for a sufficient period of time. When 


there is no signal on the receive pair, the squelch 
circuit disables the line receiver, and deasserts the 
TPCO-TPC11signal to the T7201. When a signal above 
the threshold 
arrives, TPCO-TPC12is asserted, and the 


line receiver is enabled. The squelch circuit ensures 
that the receive circuits in the T7201 are operating only 


during packet reception. The circuit shown in Figure 9 
uses a high.speed comparator (NE521)with an offset 
threshold. The output of this comparator 
is fed to a 


retriggerable timing circuit that controls the TPCO-TPC11 
signal to the T7201. To ensure recognition 
of the Idle 
(end of packet signal), and to prevent midpacket 
deassertion of TPCO-TPC11,the timing circuit should be 
set to detect positive puIses between 1.5 and 2.0 bit 
times (200ns).The timing circuit can be implemented 
by using a quad flip-flop 
(74F175)clocked from a 


20MHz clock generator. The 74F175activates TPCO- 
TPC11 for the pulses greater than 200mV, within 
150ns 


to 200ns timing window 
(four 20MHz clock cycles). 


FOIRl System Specifications 


Some of the key parameters required 
by the IEEE802.3 


FolRL Standard are listed below: 


Transmitter Specifications 


1) Peak Emission Wavelength 
= 790 to 860nm. 


2) Spectral Width < 75nm. This is determined 
by 


measuring the Full Spectral Width at Half Maximum 
Amplitude 
(FWHM) of the LED optical emission. 


This parameter must be measured at the maximum 
temperature 
at which the LED will be operated. 


3) Minimum 
Extinction 2:: 13dB 
Extinction = IPI(ON)- PT(OFF)I,where PT = peak 
transmitted optical power measured in dBm. 


4) Optical Rise/Fall time TRand TF< 10ns. 
5) ITR- TFI:s 3ns. 
6) Transmitter Jitter :S 2ns. 
7) PT(MAX)= -9dBm (PK) 


Launched power into 62.5/125 fiber with NA = .275 
8) PT(MIN)= -15dBm (PK) 


Launched power into 62.5/125 fiber with NA = .275 
at the beginning of the LED lifetime. 
9) PT(MIN)= -18dBm (PK) 


Launched power into 62.5/125 fiber with NA = .275 
at the end of the LED lifetime. 


n1I~MicroLinear 


ReceiverSpecifications 


1) Overdrive limit = -9dBm (PK) maximum. 
2) Sensitivity 2: -27dBm (PK) minimum. 
3) The data output of the receiver must be inhibited 


before the Bit Error Ration of the fiber optic link 
degrades to greater than 10-10 


lOtal Link Specifications 


1) Jitter at receive out S 4ns. 
2) Transmitter/Receiver must be compatible with fibers 
having the following 
core/cladding 
diameters: 
501125,62.5/125, 85/125 and 100/140. 
3) Link must operate at a maximum length of 1Km 


with each type of fiber. 


The IEEE802.3 10Base-Ftask force has proposed a new 
fiber optic Ethernet standard that will update the 
original 1987 FOIRL standard. This proposed standard 
known as 10Base-FLdescribes a fiber optic link segment 
with enhanced performance and backwards compatibility 
with FOIRL. One of the enhancements for 10Base-FL, 
SQE test, is already included in the ML4661. This allows 
a FOIRL MAU to connect to a HUB or a DTE. Other 
modification 
have to do with extending the fiber optic 
cable length from 1,000 meters to 2,000 meters, and 
internal state machine modifications. 


The ML4662 is a 10Base-FLtransceiver which is pin 
compatible with the ML4661 and meets the 10Base-FL 
standard. This new part will plug into an existing 
ML4661 socket and be pin for pin compatible. Note 
that since the fiber optic cable length has been 
extended for 10Base-FL,the Receive Sensitivity 
specification has been improved from -27dBm peak for 
FOIRL to -32.5 dBm average for 10Base-FL.An FOIRL 
design using the ML4661 today may want to target a 
receive sensitivity of -32.5 dBm average so that the 
product can be upgraded to 10Base-FLwithout 
a redesign. 


To upgrade a FOIRL MAU to 10Base-FL,the following 
steps should be taken: 
1) Replace the ML4661 with the ML4662. 
2) Remove 50pF to 100pF capacitor across RRSET 


(pin 13 of the ML4661). 
3) Set the receive sensitivity for -32.5dBM (average). 


Layout Considerations 


The fiber optic transceiver consisting of the ML4661 
transceiver and the ML4621/ML4622 fiber optic quantizer 
are simple to implement from a data point of view. 
Electrically, the quantizer is resolving 2 mv signals in a 
logic environment 
that has an abundance of 5 volt 


signals. The fiber optic receiver and the quantizer 
require careful layout, attention to noise coupling, and 
very clean power supply busses. The following 
recommendations 
should be considered while laying 
out the printed circuit artwork. 
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Power Supply 


1) Isolate and filter the power and ground to the 
ML4621/ML4622 (analog portion) and HP receiver 
(to ensure that noise is not coupled into the low 
level receiver inputs). This can be accomplished 
with a pi filter that has a 4 to 7jJH inductor 
in both 


the power lead as well as the ground lead. 
2) Make sure that adequate decoupling 
is used on 


both sides of the pi filter, on each chip, and at the 
fiber optic transmitter and receiver. The fiber optic 
receiver should be decoupled 
from the +5 Volt 


Filtered bus with a 10 ohm resistor and decoupling 
capacitor. Allow room for large (.47jJF)decoupling 
capacitors and determine if they can be reduced 
during testing of the prototypes. 


Ground Plane 


1) The printed circuit board should be a 4 layer board 
with the +5V. and ground each providing a shielding 
plane on the inner layers. The fiber optic receiver 
and the ML4621 analog front ends should have its 
own power supply planes separate from the +5 Volt 
and Ground planes for the remaining circuitry. 
These planes should be separated by an air gap 
physically and electrically by the power supply pi 
filter from the logic +5 volt and ground. 


2) Connect unused pins of HP receiver to the low level 


receiver Ground. 


Transmitter 


1) The transmitter output (TXOUT) traces should be as 
short as possible and make them wide to lower 
their characteristic inductance. 
2) Keep RRSETand RTSETtraces (of the ML4661) and 


resistors away from each other. 


General Layout 


1) The physical layout for the receiver should be in a 
straight line to minimize the trace lengths and 
potential for noise coupling between the logic 
signals at the output of the quantizer and the low 
level signals on the inputs. 
2) The trace from the output of the HP fiber optic 


receiver to the ML4621/ML4622 (VIN+, VIW) 
should 
be as short as possible and shielded if possible. 
3) Because of the high gain low level input circuitry 
in 


the ML4621/ML4622, parasitic feedback from the 
high-level logic-compatible 
output 
must be kept to a 


minimum 
in order to prevent undesired oscillations. 


This is accomplished with a layout which physically 
separates the receiver inputs (VIN+, 
VIN-) 
and 
outputs (ECL+,ECL-, TILOUT, CMPEN, TILUNKMON, 
ECLuNKMON)· 


4) If the TIL outputs of the ML4621/ML4622 are not 


used, Connect GNDTIL and VCCTIL to +5 volt (this 
will disable the TIL driver). 
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Initial Debug of the FOIRL/l0Base-Fl 
Board 


1) AUI is connected 
but Fiber Optic 
cable is not 


connected. 
a) 
Look for 1MHz 
Idle signal at pin 18 of the 


ML4661. If there 
is no Idle signal, verify the 


following: 
i) 
Ground 
and +5V 
to the ML4661. 


ii) 
RRSETmust be 61.9k (1%) at pin 13 of the 
ML4661 to +5V 
iii) 
RTSETshould 
be 162 ohm at pin 12 of the 
ML4661 to +5V 
to set the current 
driven 
by 
the TxOUT to 52mA. 


b) The LMON 
LED must be OFF. If the LMON 
LED is 
ON, check the TILUNKMON. If it is low, measure 
the noise level at filtered 
power 
and ground, 
VIN+ and VIW of the ML4621/ML4622. If the .peak 
noise level at the input of the ML4621/4622 
IS 


greater than the minimum 
VINTH (Equations 1 


and 2), the TILUNKMON gets activated (low). 
c) 
The RX LED must be OFF. Otherwise 
there must 


be transitions 
on RX+ and RX- (pins 25 and 26 of 


the ML4661) less than 3IJSec apart because of one 
of the following 
reasons: 
i) 
Too much 
noise at the inputs of the ML4621 


(not filtering 
properly). 
ii) 
Feedback between 
the inputs and outputs 
of 


the ML4621/ML4622 (poor layout). 
iii) 
Crosstalk between 
TxOUT (pin 18 of the 


ML4661) and inputs of the ML4621/ML4622 
(poor layout). 
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2) Connect 
Receive Fiber (HFBR2416) to Fiber Optic 


LED transmitter 
(HFBR1414)which 
is sending active 


idle signal. (Either from another 
MAU's LED 
. 


transmitter 
or from the same MAU's LED transmitter 


with 
loopback 
disabled.) 
a) Tne LMON 
LED must go ON and the RX LED 


must be OFF. If the LMON 
LED is OFF, verify the 


following 
steps: 
i) 
The Receive Power must be within 
the 


FOIRL/10Base-FL standard range. 


ii) 
Verify the idle signal at V1N+ or V1N- of the 
ML4621/ML4622. 


iii) 
TILUNKMON (pin 2 of the ML4621) must be 
low. 


b) 
If the RX LED is ON as well as the LMON 
LED, 


check step 1c. 


3) Start to transmit. The LMON 
and TX LEDs must 


be ON. The RX and CLSN LEDs must be OFF in 
the transmitting 
MAU if two MAU's are being 


used. In this case, if the RX and CLSN LEDs are on, 
check step 1c. 


4) Disconnect 
the Fiber Optic 
cable from the 
HFBR2416. The LMON 
LED must go OFF. If the 


LMON 
LED stays on, check step 1b. The RX LED 


must be OFF. Otherwise 
check step 1c. 


5) After successfully completing 
the initial debug 
of 


the FOIRL board, verify that the board meets 
FOIRL/10Base-FL specifications. 


Figure 10 is the schematic 
of the FOIRL evaluation 
board (ML4661EVAL) which 
meets the FOIRL standard. 


This board incorporates 
all the above critical 
points of 


the layout as shown 
in Figures 11 through 
16. The 


ML4661EVAL is available for purchasing. 
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Mehmet K. Nalbant 
William 
Cho 
Theory and Application of the ML4821 
Average Current Mode PFC Controller 


I. THEORY OF OPERATION 
The ever increasing importance 
of power factor correction 
has prompted the design and availability 
of many power 


factor controller 
Integrated Circuits. Power factor 


correction 
requires special control circuits that are able to 


force the input current waveshape to be sinusoidal and in 
phase with the input sinusoidal voltage. 


There are several ways that this can be accomplished. 
One method is the average current mode controlled 
boost 


topology 
power factor correction 
circuit, 
using the 


ML4821 dedicated 
average current mode controller 
IC 


This paper is going to present enough theoretical 
background 
information 
along with practical examples to 


enable the design of such circuits. 


Average current mode control can produce a high quality 
input sinusoidal current waveform. 
Although 
it can be 
used with many different power supply topologies, 
it 


excels when it is used with the continuous 
inductor 


current, boost topology. 


Power Factor Correction 
What is power factor? Enough has been said and written 
in the past couple years about this question. Therefore we 
are not going to elaborate on it. Instead we are going to 
look into how a power factor correction 
circuit operates. 


Figure 1, shows the simplified 
block diagram of a power 


factor correction 
circuit. The circuit functions 
by 
monitoring 
the input full wave rectified line voltage as 


well as the output voltage. The two feedback signals are 
combined 
to set up the current trip points that shape the 
input current waveform 
to be sinusoidal and yet still 


regulate the output over line and load variations. 


GATE DRIVE 
AND 
CONTROL 
CIRCUITRY 


From now on we are going to use the acronym 
PFC 


instead of power factor controller. 


Figure 2 shows the basic circuit diagram of a PFC with all 
necessary connections 
made. The heart of the circuit 
is 


the current modulator. The modulator 
consists of a linear 
multiplier, 
a current amplifier, 
and a PWM comparator. 


These three functional 
blocks enable the circuit to force 


the input current to be sinusoidal. 


A current that is proportional 
to the input full wave 


rectified voltage is produced with the help of resistor RL. 
We will call this the reference. 
The reference is applied to 


one of the inputs of the multiplier. 
The other input of the 


multipHer is the output of the error amplifier. 
For the time 


being we are going to assume that the output of the error 
amplifier 
changes slowly compared to the line frequency. 
This is in general true since the bandwidth 
of this 
amplifier 
is set low by its feedback components. 


The multiplier 
is a current input type. This enables the 


multiplier 
to have greater ground noise immunity. 
When 
there is a current at its input, its terminal voltage is a diode 
drop between O.7V and 1V. In fact it is part of a current 
mirror. Therefore 
a voltage source of low impedance 
should never be applied to this input. 


The output of the multiplier 
is current that is the product 


of the reference current and the output of the error 
amplifier 
that monitors the output voltage. This output 


current is applied to resistor Rc (see Figure 2). This voltage 
subtracts from the sensed voltage across Rs and is applied 
to the current error amplifier. 
Under closed loop control 
the current error amplifier 
will try to keep this voltage 


differential 
close to zero volts. This forces the voltage 


CURRENT SENSE 


rE:EMENT 
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produced 
by the return current on Rsto be equal to the 
voltage across Rc. Since this requires dissipative sensing, 
Rs is a power resistor of very low value_ 


The amplified 
current error signal is then applied to the 
inverting 
input of the PWM comparator. The other input of 
the PWM comparator 
is the ramp generated by the timing 


capacitor 
of the oscillator. 
Pulse width modulation 
is 


obtained when the amplified 
error signal that sets up the 
trip point modulates up and down. 


The rest of the circuit 
is very similar to conventional 
PWM 


control 
schemes. In this topology 
however, the loops 


operate around zero volts. 


Multiple loop Control 
The PFC circuit 
is a multiple 
loop controlled 
circuit. There 
are two control 
loops, not counting 
the fault control 
loops 
such as peak current limit and overvoltage 
protection. 


The first loop is the current loop that forces the input 
current to be sinusoidal. The second loop is the output 
voltage control 
loop that keeps the output voltage above 


the peak of the input voltage. The output voltage of a 
continuous 
inductor current boost regulator has to be set 
above the maximum 
peak of the input voltage in order to 
function 
correctly 
as a PFC. For a PFC that will operate to 
260VAC the output voltage should be at least 370VDC 
at 
its minimum 
point. 


To gain familiarity 
with the operation 
of the PFC it is 


necessary first to understand the waveforms and signals at 
the various critical 
points. Some of these waveforms 
are 


shown at the top of the schematic of Figure 2. By 
definition 
the average value of the input current follows 
a 


sinusoidal shape. That means also that the average value 
of the boost inductor 
L has to be sinusoidal. We say the 


average value because there is current ripple at the 
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switching 
frequency. 
100KHz is a good trade-off point 


between inductor 
size and circuit efficiency. 
Switching 
losses in the circuit will 
include major losses in the 
MOSFET, output diode, and the inductor. 
Because the 
MOSFET is charged to the output voltage at every turn-off, 
switching 
losses will 
be significant 
at any input voltage 
and output current. The output diode must reverse recover 
high current with the full output voltage. Core losses in 
the inductor will 
not be as significant 
because the 100KHz 
AC ripple current is relatively 
low compared to the almost 


DC 120Hz rectified sinusoidal current. 


For the purposes of this next analysis we are going to 
ignore the current ripple in the inductor. Lets also assume 
that somehow the MOSFET duty cycle is such that the 
inductor 
is forced to carry a current that has a full wave 
rectified sinusoidal waveshape. From the operation 
of the 
boost circuit there needs to be equilibrium 
throughout 
the 


entire 50Hz or 60Hz cycle. Large signal equations 
describing the operation 
of the boost circuit should hold. 


V/N 
VOUT=--- 


I-DON 


D 
VOUT - V/N 


ON = 


VOUT 


Since V/N = V/N (I) = .,J2V/NRMSlsin(Wl)! 
we get 


D 
-d 
()_ 
VOUT-.,J2VINRMs!sin(WI)1 


ON - 
ON I - 
(3) 
VOUT 


it(l) =.,J2 
POUT 
Isin(wt)1 


V/NRMS 


The MOSFET current is the inductor current chopped at 
high frequency with the above duty cycle. The diode 
current on the other hand is the inductor current chopped 
at high frequency with duty cycle (1 - dON(t)). By 
substituting 
we can get an expression for the average 


current that passes through diode D (i.e. ID = id (t)). 


Note that the little hat on top of the variables denotes 
average value. 


id (I) =iL (1)(1- 
dON 
(I» 


By substituting 
(3) and (4) into (5), 


id(l)=2 
POUT sin2(wt)~ 
VOUT 


~id(l)= 
POUT _ POUT cos(2wt) 
VOUT 
VOUT 


As can be seen from the above equation the diode current 
consists of two parts. It has an average value consistent 
with the output power and output voltage (first term). Also 
it has an AC component 
with a peak value equal to that of 


the average value. The DC part of this current is simply 


the output load current. It flows through the output load. 
The AC part however flows through the output capacitor 
C. Consequently 
it may become a parameter when 
determining 
the value of this capacitor. 


Now lets get back to the loops of the PFC. Earlier we 
mentioned 
that there are two control 
loops; an inner high 


bandwidth 
current loop and a much slower outer voltage 


loop. Figure 3 shows the two loops in block diagram form. 
First we are going to examine the two loops separately. 
Then we are going to see the criteria for proper 
connection. 


CURRENT 
POWER 
CONTROl 
STAGE 
lOOP 


] 
LOAD 


VOLTAGE 
CONTROL 
- 


lOOP 


Figure 3. The two loops of a PFC. 


Inner current 
loop and outer voltage loop. 
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The Current Control 
Loop 


The current control 
loop constitutes the inner loop and its 


job is to force the input current waveshape to follow 
the 
shape of the input voltage. It does this by modulating 
the 
duty cycle of the MOSFET in the power stage. The input 
voltage is a full wave rectified sinewave. Thus it is 
harmonically 
rich. The current control 
loop along with the 
power stage has to have enough bandwidth 
to follow 
this 
full wave rectified waveform. 
It can be shown that a 
bandwidth 
of a few KHz is sufficient. 
In order to proceed 
we need to derive expressions that give the responses of 
both the power stage and of the current loop. 


As can be seen from Figure 4 the input of the power stage 
is the duty cycle output of the current pulse width 
modulator. Therefore we can describe the power stage as 
a functional 
block that has as its input the duty cycle 
information 
and as output the sensed voltage across the 
sense resistor Rs. The average current that flows through 
this resistor is equal to the average current that flows at 
the input of the PFC. 


We can define 


G 
()- 
Vs(s) 
PS S 
- 
DoN(s) 


as the gain of the power stage. The response can be found 
by assuming that the output voltage is constant and by 
using the state space averaging technique. 
The response 
shows a single pole roll off and is given by 


I LCs) _ VouTDON(s) 
sL 


Since Vs(s)=RsILCs), 


G 
()- 
VouTRs 
PS s ---;z- 


The above expression gives the small signal gain of the 
power circuit 
in the complex 
s-domain. 
It is the ratio of 


the sensed current waveform 
voltage to the incremental 


changes in the duty cycle. We can go one step further and 
incorporate 
in the above power stage gain the gain of the 
pulse width modulator. 
To do this we first have to find the 
gain of the modulator 
itself. For that we have to know the 


amplitude 
of the applied ramp to the non inverting 
input 


along with the allowable 
voltage swing range at its 
inverting 
input. The gain of the modulator 
is 


WON 
GPWM=--f.V- 


where f.V- is the voltage at the inverting 
input of the 
PWM comparator. 


For the ML4821 the amplitude 
of the oscillator 
is 5.2V 


peak to peak. Therefore when the voltage at the (-) of the 
PWM comparator 
changes by 5.2V the duty cycle goes 
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from zero to full duty cycle. If we assume that the 
deadtime is very small (normally 
around 5%) the gain of 


the PWM stage becomes 


G 
pWM =-.L 


5.5 


Now we can combine 
the gains of the power and PWM 
stages to get the following 


G 
- 
Vs(s) 
_ VouTRs 
PST - 
V-(s) 
- 
5.5sL 


Note that in actuality 
V- (s) = VIA ouns). 
Therefore the 
overall current loop response will 
be determined 
by the 
responses of the current amplifier 
and the power stage. 
The overall response will be dictated by the required 
current loop bandwidth. 
For good waveform 
quality the 
total response should have a bandwidth 
of a few KHz. 


Determination 
of the Current 
Loop Bandwidth 
There is a theoretical 
upper limit for this bandwidth 
and is 
given by the following 
equation 


!cLeo =1t 


Thus for an operating frequency of 100KHz the maximum 
allowable 
current loop bandwidth 
is approximately 
16KHz 


The Gain Adjustor 
Analysis of the voltage control 
loop shows that as the RMS 
AC input voltage goes up, the system gain increases by 
VRMS.The gain increases with input voltage since the 
input voltage drives the one input to the multiplier. 
The 
second term is because the dl/dT on the inductor 
increases in proportion 
to the input voltage. 


Since the gain varies with VRMS, it then follows that the 
unity gain crossover frequency of the loop will change 
with a 1:8 ratio as the line changes from 90VAC to 
260VAC. This complicates 
the loop design since the wide 
variation 
in crossover frequency would 
require the low 


line crossover frequency to be set very low while the high 
line crossover frequency would 
be set high. 


The ML4821 cancels the square law d~pendency 
by 
adjusting the gain of the multiplier 
as a function 
of the 
..,., 


RMS input voltage. The multiplier 
gain is equal to: 
~ 


Where k assumes one of two values in the active region 
(active region is the voltage range that appears on pin #8 
that corresponds to the desired operating 
input voltage 
range). Voltage on pin #8 is a scaled down average of the 
rectified 
input AC voltage. Below we are going to see 
ways for designing an appropriate 
network that will 


accomplish 
this task. 
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adjustor gain with respect to the voltage at pin 1(lj. I ne 
curve has been separated in two parts. The right hand part 
is for operation 
under normal conditions 
in the voltage 
range from minimum 
line voltage to maximum 
line 


voltage (90VAC to 260VAC). 85VAC on the curve has 
been chosen to account for tolerances. Under normal 
operating conditions 
as input voltage decreases the gain 


increases compensating 
for the drop in the loop gain. 


Under brownout 
conditions 
(below 85VAC) the gain 


decreases to limit the amount of current that is drawn 
from the line thus preventing an overload condition. 
This 


is a very useful feature since in many cases the load for a 
PFC is a constant power load. The input current has to go 
high to compensate for a drop in the input voltage. 


OPERATING BOUNDRY 


I 
I 


0.4 ?6~IGN 
~6i'GN 


BROWNOUT 
NORMAL 
OPERATIONS 


0.3 
b~~R~T~~~MINIMUM 


VOLTAGE POINT 
I 
I 


0.2 
THIS GAIN CURVE TAKES 
OUT THE 1/V1Nl1 
DEPENDENCY OF THE 
Ol TAGE CONTROL LOOP 


Figure 5. K-factor. Gain adjustor gain with 
respect to the voltage at pin #8. 
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Figure 6. VRMS sensing network. 
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and C7 to form a two stage RC low pass filter and voltage 
divider. To calculate the values of the components, 
we 


must first select the minimum 
operating voltage point. 


Then we correspond this to the start of the brownout 
condition. 
From Figure 5, this is 85VAC which 


corresponds to approximately 
2V at pin #8. On the same 


axis 2.8V corresponds to 120VAC. In other words when 
the input voltage is 120VAC the voltage at pin #8 must be 
2.8V. Therefore the output voltage of the below filter/ 
divider 
network should be 2.8V. 


The RM5 value of the input sinewave is equal to the RMS 
value of the full wave rectified sinewave after the full 
bridge rectifier. The average value of the full wave 
rectified sinewave on the other hand is proportional 
to its 
RMS value and they are related as follows 


2-ffvINRMS 


7r 


The average voltage at pin #8 is given by 


v 
- 
R15 
V 
PIN#8 
- 
R8+R9+R15 
Ave 


Assuming: 


R8 = 910K 
R9 = 91 K 
R15 can be found by equating the above equation 


to 2.8V and solving it. 


This yields an R15 value of 27K. The values of C3 and C7 
are chosen for good attenuation 
at 120Hz and minimum 
delay. Typical values are as follows 


C3 = O.lI!F 
C7 = 0.47I!F 


For most applications 
these values are good even though 
the values of the resistors may change to accommodate 
different brownout 
or operating conditions. 
The values are 
output power independent. 


With the gain adjustor functional, 
the multiplier 
output 
current is given by 


where 


ISINE = reference current through pin #5. 


K = gain adjustor gain (this quantity 
is dependent on the 
voltage present at pin #8). This is related to k from 
previous discussion. But is not equivalent. 


V EA OUT = output voltage of the error ampl ifier. 


The maximum 
value of the multiplier 
output current is 


limited 
by the value of the timing resistor and it is given 
by 
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Typical value for R21 for 100KHz operation is 6.2K, in 
which case lMO 
MAX = 400~. 


It is a good idea to limit the maximum output current of 
the multiplier 
below the current limit point, but high 


enough to get maximum output power. 


Output 
Capacitance 


This a good point to talk about the output capacitance. 
The parameters that affect its choice are listed below 


1. Hold-up time capability, usually 20msec for 


computer power supplies. 


2. Ripple current handling capability. 


3. Allowable 
third harmonic distortion. 


The hold-up time capability is the amount of time at rated 
output power that will take the capacitor voltage to 
discharge to a minimum operating voltage. The start point 
of the dropout should be the minimum operating output 
voltage, for this type of PFCthis is usually lessthan the 
nominal value of 380VDC. 


C 
- 
2POUTIHLD 
OUT 
- 
2 
2 


VOUTMIN 
- 
VOPMIN 


where: 


COUT= 
output capacitance. 


POUT = output power. 


IHLD = hold-up time, normally 20msec. 


VOUT MIN = minimum value of the output regulated 


voltage, normally happens at full load. 


VOPMIN 
= minimum input voltage of the driven 


load, usually a switching power supply. 


The chosen capacitor should be able to handle the ripple 
current that will flow through it. The peak value of this 
ripple current, as it was found earlier is equal to the 
output DC current. The RMS ripple current through the 
capacitor is 


lOUT 
DC 


lCOUTRMS=~ 


The third consideration in the determination of the output 
capacitor is the output ripple voltage which can be found 
using the following 


IVOUTRIPPLElpEAK 
= lOUTDC 
( 
1 
)2 + ESR2 
(20) 


4nfL 
COUT 


where: 


!L = line frequency. 


ESR = ESRof the of the output capacitor. 
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Depending on the amount of the output capacitor the 
contribution 
of the ESRon the output ripple voltage may 


not be ignored. 


The output ripple voltage will contribute to the third 
harmonic distortion of the input current. The actual 
amount will depend on the value of the output ripple 
voltage and the gain of the error amplifier at 120Hz. 


The Voltage Control Loop 
The inner current control loop can be modelled as a 
controlled current source. This simplifies the analysis of 
the voltage control loop. 


Typical loads for a PFCare switching power supplies 
which are essentially constant power loads. These kinds of 
loads exhibit negative resistance at their input terminals. 
An increase in the input voltage causes a drop in the input 
current. It is therefore important that the voltage control 
loop error amplifier is correctly compensated. The two 
other types of loads are the constant resistance and the 
constant current. 


Before we proceed with the design of the voltage control 
loop we have to analyze the loop to find out what 
parameters affect its dynamics. Earlier we mentioned that 
this loop has a very low bandwidth. If the bandwidth of 
this loop is high, excessive amount of the second 
harmonic component present at the output will be 
injected in the control loop causing third harmonic 
distortion of the input current. 


Typical values for this loop are between 10Hz and 20Hz. 
To find the open loop voltage gain we have to calculate 
the change in the output voltage of the error amplifier that 
produces the required maximum output power change. 
This can be calculated by using the following expression 


6.V 
_ 
PINxRSxRL 
EAOUT 
- 
2 


RMO 
xKxVRMS 


where: 


PIN = maximum input power. 


Rs = current sense resistor. 


RL = input voltage sense resistor that connect to pin #5. 


RMO = resistor at the output of the multiplier. 


K = gain adjustor gain at VRMS,from the curve of 


Figure 5, Kat 
120VAC is 0.23. 


VRMS = input RMS voltage, this voltage is normally 


120VAC. 


Thus the open loop gain can be found to be 


I 
I 


PIN 
GVO.L. 
dB = 201og---------- 
(22) 
2n f COUTVOUT 
DC6.VEAOUT 


where: 


Gv.OL.= open loop response for the voltage error 
amplifier. 
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The above expression gives the response of the magnitude 
with respect to frequency. The response has a -20dS/ 
decade slope and a constant phase lag of 90 degrees. 


A suitable error amplifier 
configuration 
is shown in 


Figure 7. 


Figure 7. Error amplifier 
configuration. 


Calculation 
of the output 
voltage sense resistors Rh 


and R{: We have to pick a value for the output voltage 
under full load. The load regulation of the PFC can be 
expected to be 15 to 30V. Therefore if we pick a minimum 
output that is high under full load, there is the danger that 
under no load conditions 
the output voltage will 
be over 


400V. 
Normally 
a minimum 
value of 370V 
will 
result at a 
high value of less than 400V. The reason for this 
seemingly poor regulation 
is the configuration 
of the error 
amplifier 
with a feedback resistor Rfthat 
is close in value 
or less than Rh. Much better DC regulation can be 
obtained by using a blocking 
capacitor 
in series with Rf' 
but it will degrade the transient response of the circuit 
introducing 
a bounciness to the input current under 


transient conditions. 


MINIMUM EtA VOLTAGE' lV 
MAXIMUM EtA VOLTAGE' 4.4V 
I 


Figure 8. DC part of the feedback circuit. 
It is used for sense component 
calculations 


The output voltage of the error amplifier 
should be 
designed for 4 to 5 volts maximum 
at full load. Higher 
voltage gives better noise immunity 
and dynamic 
range. 


However that means the output voltage will 
have a larger 
variation 
due to its influence on the output voltage 
dividers. A good place to start is 4.4V. A value for Rh is 
picked that is normally 
between 680KQ and 1MQ. In this 
case we are going to pick 825KQ. The value of the 
feedback resistor is found based on the loop design 
criteria. With these two values and minimum 
output 
voltage defined, R{ can be calculated 
using the following 
formula. 


SR"Rf 


R{ = Rf(VOUTMIN 
-S)-0.6Rh 
(23) 


See Figure 8 for definitions 
of the parts. 


With the above chosen and calculated 
values one now 
can calculate the maximum 
output voltage under no load 
conditions 
as follows 


Calculation 
of the OVP components: 
The sense resistors 
for the OVP circuit are easier to calculate. 
The voltage at 
which 
point the OVP circuit will act is being determined 


in part by the maximum 
tolerable voltage at the output 
before damage due to overvoltage that can occur. A good 
rule of thumb which 
may not be applicable 
in all cases is 
to set a voltage that is 10 to 15V higher than VOUT MAX as 
calculated 
by the above expression. Therefore 


Vovp = VOUTMAX + IOY. 


OVP 
protection 
is facilitated 
by connecting 
a voltage 
divider to pin #11. The high side of this divider 
is 
connected 
to the output terminals of the PFC and the low 
side to ground. For the time being we are going to call 
these two resistors Rovp" 
and Rovp/. 
We are going to 
assume a value for the high side resistor and calculate the 
value of the low side. For that purpose one can use the 
following 
formula 


R 
- 
SRovp" 
OVPI 
- 
Vovp - 5 


The OVP 
pin on ML4821 
is a multifunction 
pin. Pin #11 is 
also used for remote shutdown. 
When this pin is pulled to 
ground the IC shuts down. The pin can be pulled to 
ground using a small signal FETor bipolar transistor such 
as the 2N2222. 
Due to this multifunctionality, 
the pin 
should be biased higher than 1.0V whenever the part 
needs to be operated without 
the input power applied. 
Extreme 
care should be exercised 
however 
when input power 
is applied. 
It should be made sure that the voltage on this 
pin reflects the correct divided 
down output voltage for 
safe operation. 
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Block Diagram of the Ml4821 
Figure 9, shows the block diagram of the ML4821. 
So far 


we have covered most of the functions of this IC But there 
are additional 
functions to extend its usefulness in various 


appl ications. 


One of them is the SYNC function 
that enables the IC to 


frequency 
lock to an external oscillator. 
Pin #10 is 
reserved for this function. 
A positive pulse on this pin of 


2Vor 
higher resets the oscillator's 
comparator 
and 


initiates a discharge cycle for the timing capacitor 
connected 
to pin #17. For proper operation 
however the 
ML4821 oscillator 
should be set to operate at a frequency 
that is roughly 
10-15% lower than that of the external 


driving source. 


The rectangular block labeled multiplier 
combines both 


the multiplier 
function 
and the gain adjustor functions that 


we mentioned 
earlier. 


Another useful function 
is the Soft Start function. 
This may 
be a useful function 
in some applications 
where 


controlled 
output voltage rise is desired. To use this 
function 
effectively 
however it is necessary to have an 


auxiliary 
bias power supply able to supply and maintain 


power to the control circuitry 
while the output voltage of 


the PFC is rising up slowly. The amount of the Soft Start 
capacitance 
required is a function 
of the delay in the 
output voltage rise time and the internal charging current. 


The undervoltage 
lockout function 
of the IC can be used 


for off-line start-up as shown in Figure 10. 


The Boost Inductor 
One of the key components 
in the PFC is the boost 


inductor. The value of this inductor affects many other 


design parameters. Most of the current that flows through 
this inductor 
is at low frequency (assuming low 


percentage ripple). This is particularly 
true at the lowest 


input voltage where the input current is highest. 


Normally 
the acceptable 
level of ripple current is between 
10 and 20%. For operation 
at 100KHz the following 


formula will produce acceptable 
results 


L= 
300 
mH 
POUT 


The peak to peak ripple current for any input output 
voltage combination 
can be found by using the following 


formula 


V/N (VOUT DC - V/N) 
MLpp=-------------- 


- 
fLVoUTDC 


where: 


V/N = peak value of the input full wave rectified 
waveform. 


f= 
operating frequency. 


For an output voltage of 380V the maximum 
peak to peak 
ripple happens when the input voltage is 134VAC and its 
value can be calculated 
using 


M 
_ VOUTDC 
Lp_pMAX-~ 


This ripple current which 
has a triangular 
shape will 
produce a ripple voltage at the switching 
frequency and 


its harmonics on the input impedance. 


l1II~Micro Linear 


-n 
ciQ' 
:;~ 
...• 


~ 
p 


V> 
fr 
..,~~ 
I: 
3~ 
_. 
;:;. 
n 
c.. 


a 
iii' 


CICl 
••• 
;: 
3 
_. 
S, 
:s 
CD 
-~ 
At 
~ 
'" 
•• 
00 
:E 
."-n 
I"'l 


~ 
IN5406 
~, 


1 


~, 


1 
*' 


IN5406 
~10 


C 
L1 


N 
C1 
oVoJoJ<J 
~ 
. 


1 
03 
D4 
-- 
MUR85G 
.!.1m- 


IN4148 
~, 
ii; 
C12 
.1 
+ 


R8 
R7 
RIO 
'-- 
: 
C14 


39K 
~~ 


C13 
.1 
470 
910K 
560K 
2W 


IN;148 
-= 
- 


C2 
Rll 


I 


8.2K 
C16 
C19 


R5 
120pF 
+ 
- 


20K 
R13 
1 IUM 
GNO 
181-- 
.01 
270 
0 
2K 
, IAOUT 
(1 
17 
450V 
I" 
R62.7K 
l.5nF 
C5 
" 
T 


J 
IA- 
VREF ~I-- 
4 
IA+ 
VCC 
R22 
I~ 
S 
ISINE 
OUT 
14 
Ql 
R18 
R2 
91K 
EAOUT 
PGNO 
7.3 
I~ IRF840 
82 


RI4~_: 
w--- 
R9 
91K 
EA- 
R, ~I---- 


C6 
• 
VRMS 
OVP 
43nF 
t= ') 
" 
- 
5.5. 
SYNC 1Of- 


Ml4821 
R17 
Rl 
05 
10 


Rl 
R15 
C4 
R12 
R21 


.250 
C3 
C7 
6.2K 
IN5406 
.1 
27K 
.47 
1.5nf 
2.7K 
C8 
Cl0 
C11 


.1 
750pF 
D6 


-. 
1 


NOTES: 1. 
CAPACITOR VALUES IN pF. 


2. 
PC 80ARO OF THIS CIRCUIT AVAILA8lE. CONTACT YOUR lOCAL MICRO 
LINEAR OiSTRI8UTOR (Ml4821·EVAl). 


The Input High Frequency 
Bypass Capacitor 


This capacitor which 
should normally 
be at the line side 
of the input bridge rectifier helps to bypass the high 
frequency 
ripple current. Its impedance 
is few Ohms at 


the switching 
frequency. Therefore there is a need for 


additional 
filtering 
at the input, if differential 
conducted 


noise specifications 
are to be met. Note that this capacitor 
has to be an approved across the line type (an X-type 
capacitor). 


II. DESIGN 
OF A 200W, 
100KHz 
PFC 


The complete schematic diagram of a 200W PFC is shown 
in Figure 10. We are going to cover in detail the pin by 
pin design of this PFC. We will 
use the formulas and the 
procedures presented in the previous sections. Although 
the design is at 200W it can easily be extended for power 
levels above that. 


We are going to start the design by choosing the main 
components 
such as the boost inductor 
L1 and output 


capacitance. 


The Boost Inductor: 
We can use (26) for the calculation 
of 


the inductor value 


L= 300 mH = 1.5mH 


200 


The maximum 
peak current that this inductor will see is 


simply the peak of the input sinusoid plus 1/2 the ripple 
current due to the switching 
action at 85VAC. Assuming 


90% efficiency 
the input power will 
be 222W. This results 
in an input RMS current of approximately 
2.6Arms with 


corresponding 
peak value of 3.7A. The peak to peak 


ripple current at 85VAC is 540mA. Therefore the peak 
inductor current will 
be 4.0A. The choice for the core 
material should be such that the inductance 
value will 
not 


change when this current passes through the winding. 


It is important 
to remember that the higher the inductance, 
the lower the ripple current, which 
in turn means less 
filtering 
required on the input line to meet line conducted 


noise requirements. 
It also means lower core losses. The 


cost is more number of turns. 


Good candidates for core materials are: 


Powder Iron Cores 


Mollypermalloy 
Cores 


Gapped Ferrite Cores, provided that the gap is not 
excessive. 


Normally 
for any reasonable core material, core loss is not 


an issue due to the large number of turns required for such 
an inductor. The critical 
parameter is the change in their 


permeability 
under high current excitation, 
and a large 
number of turns. Therefore a careful analysis should be 
made to determine suitability 
of a core material for the 
given application. 


For the present application 
we are going to choose a 


powder iron core of toroidal 
form. The core material is 
from Micrometals 
Inc., and the part number is T184-40 


and it will contain 
102 Turns. The inductor will maintain 
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approximately 
80% of its zero current inductance 
at 4.0A. 


Therefore the inductance 
value will drop to 1.2mH at 


4.0A. This will 
be the value that should be used to 


recalculate the peak to peak ripple current when time 
comes to design an input filter for the PFC. Also because 
the ripple current will 
increase, the current limit point 
should be set higher to account for this variation. 


The Output 
Storage Capacitor: 
At an earlier section we 
mentioned 
the criteria for the selection of this capacitor. 


Lets assume that we need a hold-up time of 20msec and 
the output voltage is allowed 
to drop from 370V to 330V 


before regulation 
is lost in the driven switching 
power 
supply. We can use (18) to calculate a capacitance 
value 


c 
= 2x(200W)x(20msec) 
-285 
F 
(30) 
OUT 
(370y)2 
_ (330y)2 
f1 


The rated voltage of this capacitor 
should be at least 450V. 


The closest standard value offered by UNITED 
CHEMI-CON 
is 270~F type SMG with a voltage rating of 


450V (a 330~F can also be used). Note that two 
capacitors of lower voltage rating can also be connected 
in series (i.e., 250V) provided that shunt ballasting 
resistors are also used. 


The Output 
Diode: The output diode (010) should be an 


ultra fast type capable of supporting 
the peak input current 


for a couple of milliseconds. 
Power dissipation 
is the 


limiting 
factor. For this design an MUR850 
was chosen. 
Note that various manufacturers 
may be working 
on 


diodes with better reverse recovery characteristics. 


Surge Bypass Diode: This diode labeled 09 on Figure 10 
helps to bypass surges at the input line during start-up. 
This prevents possible saturation of inductor 
L1. 


Output 
Circuit 
Very High Frequency Bypass: Capacitor 
C16 serves this purpose. It is used to control 
the output dl/ 


dT loop. It can be a high voltage high frequency ceramic 
type of 0.01 ~F. 


Oscillator 
Circuit: 
Pins #12 and 17. 


Timing resistor (R21): The choice for this resistor sets both 
the charging current for the timing capacitor, and some 
other internal currents. One of them is the maximum 
multiplier 
current (see formula 
17). For a PFC operating 
at 


100KHz a typical value for this resistor is 6.2K. 


Timing capacitor (ell): 
For details on how to calculate 
its 
value refer to data sheet. For this application 
its value is 
..,.. 


720pF. 
~ 


Gate Drive: Pin# 14 


The gate driver of the Ie can directly 
drive power 


MOSFETs, normally 
a series resistor is used to damp any 
oscillations 
that may arise due to parasitic trace 


inductances and the gate capacitance. 
Its value should be 
chosen such that it will 
not result in excessive switching 


losses. If two paralleled 
MOSFETs are driven then their 
gates should be decoupled 
using two individual 
gate 


resistors. 
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Depending 
on the layout a Scholtky diode may be 
necessary across the gate drive to ground due to substrate 
current injection 
which can produce unpredictable 
behavior. The cathode should be connected 
to pin #14 


and anode to ground. It should be placed as close to the 
IC as possible. Substrate current injection 
occurs when an 


output pin is forced more than about O.5V below ground. 


Power 
and Signal Grounds: 
Pins #13 and 18 


These two grounds should go to ground plane and they 
should be connected 
together with the shortest possible 
trace length. 


VREF:Pin #16 


The VREF pin of the IC should be decoupled 
very well with 


a high quality ceramic capacitor. A typical value is 1JlF. 
For higher power levels (POUT> 500W) additional 
capacitance 
may be required for proper operation. 


Overvoltage 
Protection: 
Pin #11 


This protects against accidental 
increases of the output 


voltage. As soon as a voltage higher than the set limit is 
detected the IC stops sending pulses to the MOSFET, until 
the voltage has dropped to safe limits. In a boost regulator 
if the voltage loop ceases to operate the only way to limit 
the output voltage from rising to destructive 
levels is the 
overvoltage 
protection 
circuit. 


Also due to the low bandwidth 
of the voltage control 
loop 


there may be situations that the voltage may rise to 
destructive 
levels such as sudden removal of the output 


load. Under those conditions 
the OVP circuit will activate 


preventing further rise. 


Formula (25) is used to set the activation 
limit of the OVP 
circuit. 


From Figure 10, assuming the value of R20 = 825K, R19 
can be found as follows 


RI9 = 5 x (825 x 103) = 1O.2K 
(31) 


400-5 


Vcc: Pin #15 


This is the supply pin of the IC Normally 
a quality 


ceramic capacitor should be connected 
to this pin as 
close as possible to the body of the IC for effective 
decoupling. 
For low power applications 
« 
500W) 1JlF 


may be sufficient, 
but for higher power applications 
experience 
shows that two individuaJ capacitors could be 


necessary. 


In order to facilitate off-line 
start-up the IC has a large 


Under Voltage Lockout hysteresis. For bootstrapped 
operation 
a reservoir capacitor 
(C14) is charged with a 


small current through R10 which 
is connected 
to the input 


high voltage line. When the voltage on this capacitor 
reaches 16V the IC "wakes-up". 
A winding 
on L1 (see 


Figure 10) "steals" part of the energy to supply the current 
requirements of the IC This way the circuit continues to 
operate. 


The time that it takes initially 
for the voltage to reach 16V, 
and therefore for the circuit to start, is a function 
of the 


resistor R1O. This is a power resistor and for as long as 
power is applied it wastes power, usually about 2W. 
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The value of C14 is being determined 
by the current 
requirements 
of the circuit. 
C14 has to be sufficiently 
large 
for the circuit to bootstrap. However 
it should not be too 
large because it will take a long time initially 
to charge it 


to 16V, and turn on the Ie. 


Current 
limit: 
Pin #1 


As in every switching 
regulator, there is a need for current 


limit in the PFC as well. To understand its operation 
better, 


lets look at Figure 11. 


The current limit point is set by R11 and R5. The value of 
R5 can be selected first. Then the value of Rll 
is 
calculated 
using the following. 
In this case R5 = 2.0K. 


Assuming a current limit voltage of 1.2V across the sense 
resistor. 


RII = VREF 
R5 = 
VREF 
R5 
Vs 
fJNRI 


where: 


fJN = current at which 
limiting 
action should start. 


R 1 = sense resistor. 


RII = -..L(2.0K) 
= 8.2K 
l.2 


For proper operation, 
the sense voltage across R1 that 
triggers the current limiting 
action should be greater than 


the sense voltage produced 
at low line and full load. In 


this case current limiting 
action starts when the sense 
voltage is 1.2V. Therefore at full load and at low line the 
sense voltage should be less than 1.2V. A 15% less voltage 
corresponds to 1.OV. 


Current 
Sense Circuit: 
Pins #3 and 4. 


These two pins are used to sense the return current of the 
power circuit. The average value of this current is forced 
to follow 
the sinewave shape as being determined 
by the 


Ie. Pin #4 is at the same time connected to the output of 
the multiplier. 
As you recall the maximum 
value of the 
multiplier 
output current was set to be 400llA 
by the 
timing resistor R21. 


In the current limit section we said that at maximum 
power and low line the sense voltage should be 1.0V. 
Therefore R6 should be chosen such that it will 
produce 
1.OV at 400IlA. 


R6=~=:o2.7K 
400ttA 


Earlier we calculated 
that the expected maximum 
peak 


current is 4.0A. Using this value R1 can now be 
calculated 


RI = l.OV =:00.2511 
4.0A 


The value of R12 which 
is a feedback resistor for the 
current amplifier 
is chosen to be equal to R6. This is set to 
cancel out the input bias current of the current amplifier. 
Hence R12 = 2.7K. 
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Design of the Current 
Loop 
Amplifier 
Components: 
Pins #2, 3, and 4. 


The design of the current loop is one of the most critical 
tasks in the overall design. To do that we have to have 
knowledge 
of the open loop response of the power stage. 


Equation (12) gives this response which 
is plotted in 


Figure 12. 
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Figure 12. Open loop response of the power stage, and 


required 
boost for 16KHz loop crossover. 


The required gain boost for unity gain crossover at 16KHz, 
as set by (13), can be calculated 
by using (12). 


380x 0.24 
- 0.11 or -19dB 
2x nX5.5x(16KHz)x(l.5mH) 


An appropriate 
current amplifier 
response that will 


accomplish 
this is shown in Figure 13. The equations that 
give the asymptotic gain response in each one of the three 
regions are given below. 


[1] 
IGldB=2010g 
1 


2nfRI2C5 


R13 
[2] 
IGldB =2010g 
R12 


[3] 
IGldB = 20 log 
1 


2nfRI2C2 


In order to complete the design of the current control 
loop, we have to calculate the feedback component 
values. Using (37) the value of R13 is found as 


2010g.B.!l. = 19dB => RI3 =:020K 
R12 


1 
C5= 
l'! =>C5=:o2.3nF 
2xnxfxR12xI0211 
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Figure 13. Desired current error amplifier response. 


where: 


f= 
3.5KHz 


R12 = 2.7K 


Gain boost = 19dB 


C2 = 
19 => C2 == 120pF 
2xnxfxRI2xlOW 


f= 
68KHz 


With the values of the feedback components 
now 


calculated 
we can plot the overall closed loop response of 


the inner current loop. Keep in mind that logarithmic 
slopes and gain values just need to be added to get the 
overall response. The result is shown in Figure 14. 


Calculation of R7, the ISINE Resistor: Pin# 5. 


In a previous calculation 
we have assumed that the 
maximum 
voltage of the error amplifier 
is 4.4Y. The 
minimum 
voltage under normal operating conditions 
is 
about 0.8Y. That necessitates a change in the output 
voltage of the error amplifier 
of 3.6V from no load to full 
load. Note that due to feedforward 
compensation 
the 
output of the error amplifier 
will 
not change for line 
variations. 
It is important 
also to note that the amplifier 


output is capable of going to 7.5Y. 


Equation (21) can be solved for R7. 


IJ.VEAOUT X K X V1MS x R6 
R7=-------- 
RI xP/N 


Substituting the known values in the above we get 


R7= 
3.7xO.23xI202 
x 2200 =535K 
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Figure 14. Overall closed current loop response. 


The nearest standard value for R7 is 560K. With this 
resistor value, the ISINEcurrent should be calculated 
to 
check the input current range corresponding 
to the line 
input voltage range. The multiplier 
requires that the Isine 
current be less than 500llA as suggested in Fig 8 of the 
data sheet. 


Design of the Voltage 
Loop Amplifier Components: Pins #6 and 7. 


Equation (22) gives the magnitude of the open loop gain. 
The response has a -20dB/decade 
slope with constant 90 
degree phase lag. To proceed with the design of the error 
amplifier 
feedback components 
we have to pick the unity 
gain crossover frequency. In this application 
we are going 
to crossover the OdB line at 10Hz. 


The frequency where the open loop response crosses over 
the OdB (unity gain) line can be found by solving (22) for f. 


Figure 15, shows the open loop along with desired 
amplifier 
responses. 


f= 
210 
-88Hz 
2 x nx 270 x 10-6 x 380 x 3.7 


Now we can complete the design of the error amplifier 
feedback components. 
For unity gain crossover at 10Hz 


the amplifier 
needs to have an attenuation 
of 19dB at 
10Hz. 


2010g RI4 = -19dB 
=> RI4 = 92K 


RI8 


Then we calculate the value of C6. For that we look up 
the asymptotic 
break point of the response curve, which 


in this case is 40Hz. 


C6 = __ 
1__ 
= 
I 
- 43nF 
2nfRI4 
2xnx40x(92K) 
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Figure 15. Open loop and 


desired error amplifier 
response. 
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Voltage sense resistor calculation: 


R18 was already assumed to be 825K. R17 can be 
calculated 
using (23). 


R17= 
5x(825K)x(91K) 
IO.38K 


91K(370 - 5) - O.6(825K) 


losses In The Power MOSFET Ql: 


There are three kind of losses in the power MOSFET, these 
are listed below: 


1. Conduction 
Losses, due to the conduction 
of the drain 


current. 


2. Capacitive 
Losses, due to the charge and discharge of 
the total drain source capacitance. 
This is a switching 
loss. 


3. Turn-On and Turn-Off Losses, these are also switching 
losses. 
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Figure 16. Total voltage closed loop response. 
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Figure 18. Switching 
power loss for a 200W PFC 


operating 
at 100KHz versus the input voltage. 


The conduction 
losses can be calculated 
by using (49). 


Equation (49) gives the RMS value of the drain current 
which 
can be used to calculate the conduction 
losses. As 
can be expected it is a function 
of the input power and 
input and output voltages. 


2P/N 
1 
2.,J2VINRMS 


IDRMS =--- 
4- 
3"VOUT 
(49) 
V/NRMS 


The assumption made in the derivation 
of the above is 
that the ripple to average current ratio is very small which 
is normally 
true for this kind of PFC. It happens in the low 
input voltage range. In reality the nonzero ripple will 
increase the value of the calculated 
RMS current by a 


small amount. 


Figure 17 gives the value of the square of the RMS drain 
current with respect to the input RMS voltage. One can 
use this graph to calculate the power loss due to 
conduction 
in the MOSFET. This is simply 
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For our design example the minimum 
line was 85VAC 


Using the graph above that corresponds to a value of 4.5. 
Using an IRF840 type MOSFET and assuming that its ON 
resistance at the operating temperature will be 50% higher 
than its 25°C r€sistance, the conduction 
power loss will 


be SAW. 
At 120VAC the power loss will be 2.2W, and at 


220VAC will 
be 0.34W! 
As you can see it is quite difficult 


to have an optimum 
circuit at the same time with wide 


input voltage range. For specific applications 
where the 


input voltage range is narrow it is more advantageous to 
have the output voltage closer to the maximum 
peak of 


the input voltage. 


Lets give an example with respect to the last statement 
made in the paragraph above. Lets assume that the power 
level is still the same but that the operating voltage range 
is 85VAC to 135VAC and that the output voltage is 
200VDC 
With these operating parameters (50) yields a 


value of 2.99, which 
corresponds to power loss of 3.6W, 
Compare this to SAW 
in the above example. 


Normally 
efficiency 
measurements are made at nominal 


operating voltages i.e., 120VAC 
However the PFC should 


be able to function 
without 
failure at low line conditions. 


That necessitates careful selection of components 
and 


thermal design for good reliability. 


Capacitive 
losses in the MOSFET are due to discharge of 


the total drain source capacitance. 
We use the term total 


because the drain gate capacitance 
contributes 
to this loss 


too. The losses can be calculated 
using (51). 


If we assume a total capacitance 
of 350pF then (51) yields 
2.5W. 


The calculation 
of switching 
losses are a little more 
difficult 
since they are a function 
of many things such as 


gate drive conditions 
that may include the physical layout. 


In any case an equation that can be used to give some 
indication 
of these losses is given below: 


P, 
2..[iVoUT 15PIN ITR 


SWITCHING= 
nVINRMS 
(52) 


where: 


ITR = transition 
time 
Is = switching 
frequency 
(= 100KHz in this case). 


Assuming waveform 
symmetry during both turn-on and 
turn off transitions and ignoring possible secondary effects 
we can use (52) to calculate the switching 
losses. Our 


example was designed at 120VAC and 21OW input with a 
reasonable value for the transition time of 50nsec. The 
resulting losses are approximately 
3W. 


As a final step lets add up all the losses in the MOSFET for 
120VAC 
The resulting total loss is 7.7W. If this yields an 


unacceptable 
efficiency, 
an optimized 
MOSFET switch 


should be used. Loss calculations 
can be made using the 


three equations. 
Note that the derivation 
of these 


equations is rather long and tedious requiring 
careful 


modelling. 


III. EVALUATING A PFC CIRCUIT 
This part of the application 
note will give practical 


information 
that may be useful when trying to get the 


bread board up and running to meet required 
specifications. 
It will show that measuring power factor, 


harmonic current content, and efficiency 
may impose new 
challenges to even experienced 
power supply design 
engineers. Also it will contain some performance 
data that 
may serve as a reference point. 


Waveforms 
Operating 
waveforms are shown in the following 
figures. 


They are taken with output at 200W and input at 120VAC 
Figure 19 shows the power factor corrected 
input current 
waveform. 
Upper waveform 
is current at 1A per division. 


Voltage and current are in phase and identical. 
Figure 20 


shows the inductor waveform. 
The shaded portion of the 


upper waveform 
indicates the ripple current riding on top 
of a rectified sinusoidal current. The lower waveform 
is an 


expanded view of the upper waveform. 
Figure 21 shows 


the current limit waveform 
on pin 1. As the input current 


increases, the valleys of this waveform 
approach zero 


volts. However, because the multiplier 
current is limited 
to 400~A, the current waveform 
will 
sag before the 


current reaches the current limit level. Current limit level 
is reached during a transient condition 
when the inductor 


current increases rapidly before the voltage loop can 
compensate for it. Figure 22 shows the output of the 
current amplifier 
(pin #4). It sets up the trip points of the 


PWM comparator. 


REMINDER: The OVP pin requires at least 0.7V for the 
chip to begin operation. 


layout 
Board layout is critical 
in this application 
as it is in any 


power control 
circuits. One must pay close attention to 


the high current circulating 
paths. The control circuitry 


and it associated ground plane should be away from the 
high current power paths as much as possible. Current 
should be steered away from the high impedance 
nodes 


such as the input to both error amplifiers 
as well as to 
both current limit and OVP comparators. 
Also magnetic 


fields generated by the magnetics components 
as well the 
switching 
power components 
can inject noise into the 


high impedance 
nodes such as that to the current limit 


comparator. The heat sink should either be grounded or at 
least AC coupled to ground by a high frequency ceramic 
capacitor 
and kept as far away from the IC as possible. 


Power Factor 
Input power factor, harmonic 
current content, and 
waveshape are all used when describing the performance 
of a power factor circuit. 
It is important 
to keep in mind 
that regulatory specifications 
such as the IEC555 for 
Europe will 
require that just the harmonic 
current levels 


meet certain limits. The proposal currently 
sets these limits 


(for Class D) as a function 
of power level up to 300W. 


Above 300W, the limits are absolute. Thus even a low 
power factor number at high input line voltage can easily 
meet the limits since the input current level is 


.~Micro Linear 


proportionally 
low. Nevertheless power factor is a good 


parameter for measuring the capabilities 
of a power factor 


circuit. 


To measure power factor, one must have a very reliable 
power meter that accurately 
measures both apparent 


power (product of RMS voltage and RMS current) and true 
average power. Some of the older model meters measure 
power factor by determining 
the phase angle between 


current and voltage waveform. 
Obviously 
this will 
not 


work for our purposes. 


True average power for distorted AC waveforms can only 
be determined 
when the current and voltage are 
simultaneously 
sampled which 
is then multiplied 
and 


integrated. There are several meters on the market that are 
possible candidates for this purpose. But none that we 
have looked at seem to do the job as well as the one 
offered by Voltech. The Voltech PM1000 measures true 
power by sampling the waveform 
and analyzing the 
analog signal using digital methods. It uses DSP to filter, 
multiply, 
and integrate both voltage and current 


simultaneously. 


A study was done by comparing 
the results of a power 


factor measurement with the Voltech to that of another 
well known meter manufacturer 
who perform the 
multiplication 
and integration 
of the power signal VIA 
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Figure 20. Inductor current magnified 1K times. 


analog methods. Both meters gave nearly identical 
measurements when evaluated against a calibrated 
standard reference unit. However when the units were set 
up in the lab to measure power factor of an actual 
switching 
power circuit, only the Voltech gave the 
expected measurement readings. For whatever the reason 
the analog meter gave grossly false readings. Noise in the 
switching 
circuit 
is prime suspect. This does not suggest 


that meters with analog circuits can not be designed to 
reject noise and work effectively 
whatever the waveshape 
and environment. 
But one should be very careful about 


which 
meters are trustworthy 
when it comes to measuring 


power with non-sinusoidal 
and noisy waveforms. 


Harmonic 
current 


Harmonic 
current content can be measured using the 


Voltech PM1000. It gives a percentage of the fundamental 
up to the 13th harmonic. 
Results of this method was 
compared to that of the HP spectrum analyzer 3585A. The 
results were quite close. The Voltech PM3000 which 
is a 


three phase power meter measures harmonic 
currents to 


the 99th. Results show that harmonic 
current level beyond 


the 13th harmonic 
remain low throughout 
the spectrum. 


The proposed IEC555 specification 
is expected to require 


harmonic current content conformity 
to the 40th. 
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The three power devices add up to almost all or me lo"e,. 
The inductor, MOSFET, and diode were selected to meet 
desired performance 
specifications 
at relatively 
low cost. 


An IRF840 seemed to provide the best performance 
at 


these power levels. A larger MOSFET (APT5025) did 
improve efficiency 
at low input voltage. However 
its 
larger output capacitance 
increased switching 
losses 
significantly 
at 100KHz. A very common 
8A ultra-fast 
rectifier (MUR850) was used for the output diode. This 
oversizing 
was done because larger diodes have lower 


reverse recovery times for a given current level. New 
diodes have been introduced 
with lower reverse recovery 
times. A low cost ferrite EC core was used with AWG21 
wires. There was very little temperature 
rise in the 
magnetic material. 
However the wires heated up at low 
input voltage where RMS current is significant. 
A low cost 


powdered 
iron with AWG20 
magnet wire was also tried. 


Efficiency decreased about one percent. 


Efficiency measurement requires accurate measurement of 
the output average power as well as the input average 
power. Because the output voltage as well as output 
current is DC, one might just measure the two readings 
using typical 
lab bench top DMM. 
However for one 


reading of the Voltech power meter. I he output power 
measurement was off by a factor of almost 6%. The bench 
top DMM 
used was Fluke's 8050A. To get truly accurate 
efficiency 
measurements, the same power meter should 


be used to measure both the output power as well as the 
input power. 


Efficiency measurements for this application 
note was 


done on a Voltech PM3000 three phase power meter. This 
meter allows the connection 
of both the input power as 
well as the output power into one metering unit. 
Efficiency can be easily determined 
by measuring the 


input and output power with a push of a button. Accuracy 
however does not come easy even with this approach. 
The output power reading randomly varied up to 3% 
under steady state conditions. 


Two different model meters from the same manufacturer 
gave current reading that was off by two to three percent. 
This might indicate that even if one was to go out of the 
way to obtain two same meters from the same 
manufacturer, 
efficiency 
measurements as well as other 


parameters may not be guaranteed to be as accurate as 
one may require. 


PO: 
50W 
PO: 
100W 
PO: 
150W 
PO: 
200W 


Vo 
Po 
Pi 
PF 
11 
Vo 
Po 
Pi 
PF 
11 
Vo 
Po 
Pi 
PF 
11 
Vo 
Po 
Pi 
PF 
11 


'FUNDAMENTAL 
IFUNDAMENTAl 
IFUNDAMENTAl 
IFUNDAMENTAl 


%HARMONIC 
3rd 
5th 
7th 
9th 
11th 
3rd 
5th 
7th 
9th 
11th 
3rd 
5th 
7th 
9th 
11th 
3rd 
5th 
7th 
9th 
11th 


13th 
15th 17th 
19th 
215t 13th 15th 
17th 
19th 
215t 13th 15th 
17th 
19th 
21st 13th 
15th 
17th 
19th 
21st 


395 
54 
62 
0.99 
0.87 
387 
105 
117 
0.99 
0.90 
379 
153 
166 
0.99 0.92 
371 
197 
218 
0.99 
0.90 


VIN: 
90VAC 
IfUND: 
0.67A 
IfUND: 
l.3A 
IfUND: 
1.8A 
'fUND: 
2.4A 


3.5 
1.7 
0.04 
0.32 
0.30 
3.1 
1.6 
0.02 
0.23 0.21 
2.9 
1.5 
0.05 
0.22 
0.24 
2.4 
1.6 
0.20 
0.27 
0.37 


0.06 
0.05 0.05 
0.01 
0.11 0.04 
0.03 0.06 
0.01 
0.01 
0.09 0.18 
0.18 
0.12 
0.13 0.24 
0.24 
0.24 
0.15 
0.15 


393 
52 
61 
0.99 
0.85 
386 
105 
115 
0.99 
0.91 
378 
150 
161 
0.99 
0.94 
369 
194 
212 
0.99 
0.91 


VIN: 
120VAC 
IfUND: 
0.51A 
IfUND : O.96A 
IfUND: 
l.3A 
'fUND: 
1.8A 


3.7 
2.2 
0.12 
0.46 
0.37 
3.2 
1.9 
0.05 0.29 
0.25 
3.1 
1.9 
0.01 
0.21 0.26 
2.9 
1.9 
0.09 
0.15 
0.12 


0.14 
0.05 0.08 
0.05 
0.23 0.10 
0.07 
0.11 0.05 
0.03 
0.07 0.05 
0.09 0.07 
0.03 
0.09 
0.03 
0.03 
0.01 
0.02 


394 
52 
60 
0.96 
0.87 
385 
105 
114 
0.99 
0.92 
378 
151 
163 
0.99 0.93 
369 
190 
207 
0.99 
0.92 


V1N: 
180VAC 
IfUND : 0.34A 
IfUND : 0.64A 
IfUND: 
0.87A 
'fUND: 
1.2A 


4.6 
2.3 
1.6 
2.1 
2.7 
4.7 
2.2 
0.06 
0.51 
0.49 
4.5 
2.0 
0.03 0.39 
0.34 
4.4 
1.7 
0.08 
0.31 
0.28 


1.9 
1.0 
0.87 
0.95 
0.66 0.180.170.120.120.08 
0.11 0.12 
0.12 
0.10 0.04 
0.11 
0.09 
0.09 
0.04 
0.02 


393 
53 
61 
0.93 
0.87 
383 
102 
114 
0.97 
0.90 
374 
150 
162 
0.99 0.93 
365 
192 
207 
0.99 
0.93 


V1N: 220VAC 
IfUND : 0.28A 
'fUND: 
0.52A 
IfUND : 0.71 A 
'fUND: 
0.95A 


5.4 
2.4 
0.21 
1.0 
1.0 
5.3 
2.8 
0.02 0.77 
0.51 
4.9 
2.3 
0.08 
0.56 0.35 
4.7 
2.3 
0.06 
0.47 
0.33 


1.8 
2.8 
2.7 
2.0 
1.0 
0.41 
0.47 
0.38 0.25 
0.15 
0.21 0.25 
0.23 
0.17 0.06 
0.15 
0.21 
0.18 
0.18 
0.04 


394 
53 
62 
0.87 0.85 
387 
103 
15 
0.95 
0.90 
379 
153 
164 
0.97 
0.93 
372 
195 
208 
0.98 
0.94 


V1N: 
260VAC 
IfUND : 0.24A 
IfUND : 0.44A 
IfUND: 
0.61 A 
IfUND : 0.82A 


6.2 
4.5 
0.59 
0.76 
1.3 
5.3 
3.4 
0.94 
0.47 
1.7 
4.9 
2.8 
0.27 
0.63 0.58 
4.7 
2.4 
0.16 
0.51 
0.34 


0.96 
1.1 
0.36 
1.5 
2.3 
1.4 
0.80 
1.0 
1.4 
1.0 
0.26 0.35 
0.53 0.24 
0.10 
0.24 
0.26 
0.38 
0.14 
0.01 
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The following 
are specifications 
to two inductors that may 
be considered 
for the 200W PFC converter. 


Magnetics, 
Inc. 


(412) 282-8282 
OP44317 
(Ferrite, EC) 
Np = 118 turns, AWG21 
Ns = 5 turns, AWG30 
gap = 1.7mm 


Micrometals 
(714) 630-7420 
T184-40 
(Powdered Iron, Toroid) 
Np = 102 turns, AWG20 
Ns = 3 turns, AWG30 
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Performance 
Data 
Table 1 shows the results obtained from an application 
circuit. 
Pertinent power and power factor measurements 
were taken as well as the harmonic 
current content as a 


percentage of the fundamental. 
It is intended to be a 


typical 
reference point in which to judge new designs. It is 


not unlikely 
that the performance 
can be improved 
and 
optimized 
via various methods. 
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Note 19 


Phase Modulated 
PWM Topology 


with the ML4818 
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One of the biggest goals in power supply design is to get the 
maximum amount of output power while maximizing 
efficiency and minimizing 
both the cost and size of the 


respective power supplies. There are many conflicting 
parameters in trying to do so. For example, lets examine 
how the size of a power supply is a strong function of the 
size of the passive storage elements. It is well known that the 
size of inductors and capacitors greatly depends on the 
operating frequency. The higher the frequency the smaller 
the inductors and capacitors necessary. Increasing the 
operating frequency is one thing, implementing 
it is another. 
It is also a well known fact that increased operating 
frequencies result in lower efficiencies in PWM controlled 
switched mode power supplies. 


Increasing the frequency of PWM controlled power supplies 
was one solution in the reduction of the passive elements. 
That posed some limitations due to the nature of operation. 
Simultaneous conduction 
of high currents in the presence of 
high voltage during turn-on and turn-off times at high 
frequencies resulted in high switching losses.Thus violating 
one of the most important parameters of the switching 
power supply design that is the efficiencies were now lower 
than in lower frequency operation. 


This application 
note will introduce the "Phase Modulated 


PWM Topology" that overcomes many of the shortcomings 
of conventional 
PWM topologies at high operating 


frequencies. 


The typical losses in switching power supplies can be 
divided in two classes conduction 
lossesand switching 


losses.The most common switching element used in 
modern switching power supplies is the power MOSFET. 
This device when enhanced for conduction 
has a finite 
channel resistance named ROS(ON). 
When current passes 
through this device conduction 
lossesresult which are 
proportional 
to: 


P 
_12 
R 
c - 
DS(RMS) 
DS(ON) 


In addition to the conduction 
losses,due to the switching 


action of the device in the presence of high currents and 
high voltages, there are also switching losses.These losses 
can be further subdivided in turn-on, 
turn-off and capacitive 


discharge losses. Figure 1 shows how turn-off lossescan 
result during switching in a simplified way. 


Figure 1. Waveforms in the switching element in a 
switching power supply during turn-off, assuming 


linear rise and fall. 


The energy in turn-off instance can be found by integrating 
the product of the voltage and current waveforms over the 
complete switching interval i.e., 


Assuming linear waveforms and symmetry the above 
integral can be simplified to the following: 


The total power lost therefore can be found by multiplying 
the above with the repetition rate, that is the switching 
frequency hence 


To give an example suppose that the power switch switches 
10 amps at 380 volts for 50nsec at 100KHz. The resulting 
power loss due to just this event would be 9.5 Walts. At 
200KHz it would be 19 Walts and so on. This power loss 
must be dissipated by the switching element and poses a 
problem for the adequate removal of the generated heat. 
One can appreciate the lossesat even higher frequencies. 
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Turn-on switching lossesresult in a similar manner. 
Assuming again symmetry the turn-on lossescan be found 
by integrating the current and voltage waveforms over the 
switching interval. 


We are going to see later that the switching event is more 
complicated 
than what is depicted above due to the 
presence of parasitic inductive and capacitive components 
such as leakage and lead inductances and drain source 
capacitances. 


To reduce the switching lossesseveral methods were used 
such as dissipative and non dissipative snubbers. As the 
name implies dissipative snubbers dissipate their energy as 
heat, whereas the non-dissipative snubbers return their 
energy back to the input line, thus tending to be more 
efficient. In any case even with the use of non dissipative 
snubbers there remain problems that limit the maximum 
operating frequency. 


Several respected institutions along with many 
manufacturers tried to find a way around the above 
problems. This resulted in the proliferation of several new 
power supply topologies with each one claiming to be the 
solution for operation at high frequencies. 


Resonant power supplies thought to be a possible solution 
had their own share of problems. Although not a new 
technology they found a home in some applications. They 
were never really widely accepted by the industry. Part of 
the reason was the absence of analytical tools for the 
analysis and design and suitable controllers. Thanks to the 
efforts of many people they are better understood today but 
most of the manufacturers are still reluctant to put products 
on the market based on this technology. 


Resonant power supplies encompass a wide range of 
topologies and they can be subdivided into three major 
subclasses. These are as follows: 


1) Current resonant or zero current switching ZCS. 


2) Voltage resonant or zero voltage switching ZVS. 


and 


3) Multi-resonant, 
in the majority of which both the 
current and voltage is resonant. 


It is beyond the scope of this application 
note to give an 


exhaustive explanation for each type of the resonant 
conversion techniques. For more information, the interested 
reader can draw on the vast amount of technical papers 
publ ished over the last few years. It suffices to say that 
among the resonant conversion techniques one that is of 
particular interest for high frequency operation is the zero 
voltage switching, or ZVS. 


Switches such as power MOSFETshave a drain-source 
capacitance of several hundred picofarads. When this 
capacitance charges and discharges, energy is lost that 
results in power loss. Figure 2, shows a typical power switch 
configuration. 
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VClAMP 
--1 
CDS 


PARASITIC 
DRAIN·SOURCE 
CAPACITANCE 


Figure 2. Typical switch stage of a switching 
power supply, 


with the parasitic drain-source 
capacitance 
shown explicitly. 


The amount of power lost can be calculated by using the 
following 
formula 


p=lc 
V2 
f 
2 
DS 
CLAMP 


As an example consider the following 
case CDS= 500pF, 


V = 380 volts, f = 500KHz a circuit with these parameters 
results in a power loss of 18 watts. Therefore one can see the 
importance of capacitance CDS. 


In switching power supplies as we mentioned earlier it is 
often advantageous to use an external drain-source 
capacitance in the form of a snubber. This takes some of the 
burden of the switching loss from the switching device and 
puts it on the snubber circuits. The use of such capacitors 
further compounds the problem of capacitive discharge 
losses. If a way could be found to discharge the total drain- 
source capacitance non-dissipatedly then that would 
represent a solution to the problem. Figure 3, shows this 
concept, for the time being we are not going discuss the 
actual implementation 
of such a circuit. It is evident from the 
diagram that the switching loss can be reduced to zero if the 
voltage were also zero. From these diagrams it is evident that 
turn-on and turn-off power losseswill be zero. Total 
switching times are in the order of 100nsec. 


Zero Voltage Switching techniques represent such a solution. 
There are some limitations and shortcomings even to these 
techniques. When ZVS is accomplished through resonance 
of the voltage waveform then the design and analysis of such 
power supplies is more complicated. As a rule of thumb the 
operating drain currents are also higher than in PWM 
controlled power supplies. 


To summarize, the ideal power supply would be the one that 
doesn't have operating frequency limitations because of 
switching losses,would be easy to design and manufacture 
and will be cost effective utilizing each one of its 
components to their fullest extent. In the next section we will 
discuss such a topology that has many of these desirable 
characteristics. 
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Figure 3a. Ideal turn-off 
waveforms 
of a ZVS 
switching 
element. 
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Figure 3b. Ideal turn-on 
waveforms 
of a ZVS 


switching 
element. 


Figure 4. Typical H bridge power 
switch configuration 
as it is used in medium 
to 
high power 
switching 
power supplies. 


PHASE MODULATED 
PWM TOPOLOGY 
(PMPT) 


Phase modulated PWM Topology although not a panacea 
has many of the favorable characteristics mentioned above. 
It is a promising topology for medium to high power 
systems. Basically it is a full bridge topology with 
appropriately coordinated gate drive waveforms for each 
one of the MOSFETs in the H bridge. Its operating 
waveforms are very close to ideal. Turn-on and turn-off 
switching lossesare almost eliminated. Operating drain 
currents are almost equivalent to those of a regular full 
bridge PWM topology, thus it does not require the use of 
expensive large die area MOSFET switches. The only 
difference is how the two topologies handle their respective 
switching events. 


The analysis and design of the power circuit of the PMPT 
topology is identical to that of the classical PWM topology. 
Having said that, there are special set of considerations 
associated with the design of a high frequency high power 
transformer used in the PMPT. 


The key idea behind 
the PMPT is that the voltage across 


the MOSFET is allowed 
to swing to "zero volts" just 
before the start of the next conduction 
cycle in the 


respective 
switches. 


Figure 4, shows a typical H bridge configuration, 
the diodes 
and the capacitors across the MOSFETsare the intrinsic 
parasitic components present in these components. Typical 
values for the capacitors range anywhere from 1OOpFto 
SOOpFfor the larger devices. The reverse recovery time of 
the body diodes are in the range of 100nsec. In the figure 
snubber circuitry has not been shown. 


The power switch section of the PMPT is identical to the one 
shown in Figure 4. To achieve PMPT operation the switches 
must be driven differently. In the regular PWM topology, 
gate drive is applied to the two diagonal switches based on 
the required duty cycle, then there is a period during which 
all switches are OFF (deadtime) and then gate drive is 
applied to the opposing diagonal switches. 
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Q3 


"ON"~ 


Ql 


~"OFF" 


Q2 


"OFF"~ 


Q4 


~"OFF" 


Q2 


"OFF" ~ 


Q3 


"OFF"~ 


Q4 


~"OFF" 


In the PMPT in order to accomplish ZVS, the leakage, and 
magnetizing inductances of the power transformer are 
utilized along with the drain-source capacitances of the 
power MOSFETs.The body diode of the MOSFETsalso 
serves to clamp positive and negative going voltages. Thus 
the parasitic components of the MOSFETsare put to good 
use with this topology. 


Sometimes in order to further reduce the turn-off losses 
additional capacitance may be necessary across the drain- 
source of each MOSFET. 


The operation of the PMPT is best understood by examining 
one full cycle of events in the power circuit. For the time 
being one can assume that the power transformer 
magnetizing and leakage inductances will behave as current 
sources. Figures Sa and Sb show the power stage of the 
PMPT through one complete cycle. 


1. The two diagonal MOSFETsare conducting, power is 
delivered through the transformer to the load. The primary 
load current is flowing through the leakage inductance of the 
transformer. The total primary current is equal to the load 
current plus the increasing magnetizing current of the 
transformer. The magnetizing current is of importance here 
since when the output load is very light there is very little 
reflected load current to complete the ZVS action. 


2. 04 turns off, the capacitance across 01 was charged to 
+V when 04 was ON with the turning OFF of 04 the 
current through the transformer inductances starts to charge 
the drain-source capacitance of 04 while at the same time 
discharges the capacitance of 01. This action continues 
until the body diode of 01 turns ON to clamp the voltage 
across 01 to approximately -O.7v. The current through the 
transformer is sustained in the upper half of the power circuit 
as shown in the figure of phase (2). 


• ~Micro 
Linear 
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3. When the voltage across Ql 
reaches approximately 
"0 
volts" Ql 
turns ON. The time that is required for the 
capacitance of Q4 and Ql 
to reach the desired voltage is 
programmed as delays in the gate drive waveforms of the 
controller. This delay is programmable with an external 
resistor for complete flexibility. The current in this phase is 
circulating through the conduction 
channels of Q3 and Ql. 


4. Q3 turns off, the transformer current now starts to charge 
and discharge the capacitances of Q3 and Q2 respectively. It 
requires again a finite amount of time for the drain voltage of 
Q2 to reach "0 volts" this time is consistent with the 
programmed delay at the outputs of the controller. It is the 
presence of this delay that makes ZVS possible. When the 
voltage across Q2 reaches "0 volts" then Q2 will be turned 
ON with no voltage across it. Thus accomplishing our goal 
of non-dissipative turn ON switching. 


5. With the complete discharge of its drain source 
capacitance Q2 now is ready to turn ON. Power is delivered 
to the load through the conducting path of Ql 
and Q2 for 
an amount of time that is determined by the control circuit. 
The product of this time, times two, times the operating 
frequency of the oscillator gives the duty cycle of the 
converter as in regular PWM converters. 


Duty Cycle = 2toNf 


Thus the calculation of output voltages or of the required 
transformer turns ratio becomes a task that is quite similar to 
that of the regular PWM converters. The difference is that in 
regular PWM converters the magnetizing inductance is 
maximized in order to get the minimum 
amount of 


magnetizing current. In the PMPT magnetizing current has to 
be at certain level to facilitate ZVS when the reflected load 
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current to the primary is insufficient to do so. This 
magnetizing current adds to the reflected load current thus 
requiring the use of a lower RDS MOSFET. This IS the penalty 
paid by using the PMPT. In any case the requirements are far 
less if conventional 
resonant technique were to be used. 


6. Following the power transfer of the above diagonal pair, 
Q1 turns OFF. The voltage across Q4 starts to decrease, and 
when this voltage reaches "0 volts" the next phase starts. 


7. In this phase Q4 turns on and the primary current 
circulates in the conduction 
channels of the lower pair. 


8. Q2 turns OFF and the current starts to charge and 
discharge the capacitances of Q2 and Q3 respectively. 
When the voltage across Q3 has reached "0 volts" then Q3 
turns ON non-dissipatedly and the complete cycle repeats 
itself from phase (1). 
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CONTROL CIRCUIT CONSIDERATIONS 


The Ml4818 
PMPT controller has been designed to generate 


all the necessary timing and gate waveforms, and it contains 
logic circuitry for effective fault management that is of 
paramount importance in high power switching power 
supplies. 


The control method involved instead of attempting to 
change the pulse width of the switches, changes the pulse 
width of the power pulse. Each of the switches operates 
under constant duty cycle that approaches 50%. In actuality 
the duty ratio is in the range of 40% to 45%. The remaining 
5% to 10% of the time is being used for the ZVS action to 
take place. The above percentages may change with various 
operating frequencies. The effective maximum power pulse 
width can be much closer to 50% for optimum performance 


REFERENCE 


AND 
UNDER-VOLTAGE 
LOCKOUT 
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at lower frequencies (for example at 100KHz). A 
demonstration board is available from Micro Linear that 
operates at about 500KHz. Probing this board is a very good 
way of learning about the various operating modes of this 
very important class of PWM topologies. 


Lets now discuss how phase modulation 
is accomplished. 


Earlier we mentioned that each of the fou r switches in the 
power bridge circuit has its own gate drive waveform. That 
requires four individual gate drive signals to be generated by 
the control circuit. This is exactly what the ML4818 does. 
The controller has four outputs that can directly drive the 
four M05FETs. Figure 6 shows the internal block diagram of 
this controller. 


In order to fully understand the control mechanism, we will 
look into the heart of the controller. Figure 7 shows the 
phase modulator core of the controller. All fault and 
supervisory circuitry has been left out. Also both of the 
complementary 
outputs and all driver and delay blocks have 
been left out for further simplicity. By examining how the 


other two outputs behave, one is able to grasp the basic 
operating principles of the phase modulator. 


As can be seen from Figure 7, the core of the circuit is quite 
simple. Assuming that the two comparators are inactive for 
the time being the only stimulus that the circuit receives is 
from the clock pulse. Under this assumption the circuit 
reduces to the one shown in Figure 8. 


From Figure 8, clearly if the set input of FFB is always logic 
"0" then the "Q" output of FFBwill be reset or logic "0". 
From the operation of the exclusive OR gate then the "B" 
output will be equal to the inverted output of FFAi.e., 
outputs A and B will be 180 degrees out of phase from each 
other. Figure 9, shows the relevant waveforms. 


If now we assume that a periodic stimulus is present at the 
set Input "5" of FFBoccurring at some instance other than 
the clock pulse instance then the resulting waveforms will be 
different as is evident by examining Figures 8 and 9. The 
resulting timing diagram is shown in Figure 10. 


Q 


FFA 


T 
Q 
A 


R 


FFB 


Q 
DB 


Figure 9. Timing waveforms of the basic phase modulator at 


the absence of stimulus other than the clock pulse. 


D-B 


Figure 10. Resulting timing waveforms when there is a 


periodic stimulus at input "S" of FFBwith period T equal to 
the period of the clock pulse. 


J1Ij~MicroLinear 


ERROR 
AMPLIFIER 
LEVEL 


Figure 11. Generation of the set pulse for FFB.Ramp shape 


may be different in actual application. 


Output "A" is free toggling whenever the clock pulse is 
present, whereas output "B" is the exclusive OR'ed output 
that is the result of outputs FFA,Q and FFB.The exclusive 
OR gate here functions as a controlled 
inverter. The other 


two outputs of Figure 6, behave in similar way with the only 
difference that they are 180 degrees out of phase with the 
ones described above. 


By controlling 
time tMOD then we are able to control the 
phase shift between outputs "A" and "B". The set input pulse 
for FFB is normally generated by either the phase modulator 
comparator of Figure 12, or by the current limit comparator. 
As in normal PWM regulators one input of the phase 
modulator comparator is the output of the error amplifier 
which sets the trip level and the other input is either a 
voltage ramp or the sensed primary (or secondary) current 
waveform of the power circuit. Figure 11, shows the 
generation of the set pulse and the resulting timing 
waveforms. When the output of the error amplifier changes 
then the trip level changes thus it is possible to continuously 
control time tMOD by changing the trip level. In switching 
power supplies it is also necessary to limit the power pulse 
width whenever the primary load current exceeds certain 
predetermined value. The second comparator in Figure 7, 
serves that purpose. Thus the output of the phase 
comparator and of the current limit comparator are logic 
OR'ed to produce the set pulse for FFB. Figure 12, shows the 
complete logic diagram of the phase modulator with four 
outputs labeled A 1, A2, Bl, and B2 respectively. 


The timing waveforms for all outputs can be derived from 
the above diagram. Figure 13, shows the relationship of the 
outputs with respect to each other. 
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CLOCK 
PULSE 
J1. 


Figure 12. Complete logic diagram of the phase modulator 


with all four outputs shown. 


DELAY OF THE GATE DRIVE WAVEFORM 


50 far we saw how controllable 
phase shifted outputs could 
be generated. We also saw that in order to have ZV5 in the 
bridge circuit in the transition phase between conduction 
of 


the opposing legs, one of the M05FETs is ON and the 
remaining are OFF. It is during this time that the drain source 
capacitance of the device next to turn ON is discharged to 
"zero volts". In the traditional H-bridge either two of the 
devices are ON or all of them are OFF. 


Figure 13. Timing diagram showing the waveform present 
on all four outputs of the phase controller. 
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Figure 15. Chart for the determination 
of the 
external delay resistor. 


In order to get this transition period it is necessary to modify 
the gate drive waveforms slightly. The modification 
consists 


of adding a predetermined amount of delay to the leading 
edge of the gate drive waveforms. Figure 14, shows the 
phase modulator along with the delay and output driver 
blocks. The delay blocks contain all the necessary 
electronics for the generation of the delay with the use of a 
single external resistor. The timing capacitor is integrated 
into the part. The value of the delay resistor RDELAY can be 
found by using the chart of Figure 15, or it can be calculated 
by using the formula below 


R 
_DELAY(ns)-33.34KQ 


DELAY 
- 
33.33 


The individual 
gate drive waveforms are restricted to less 
than 50%. The resulting waveforms are shown in Figure 16. 
The shaded area in the leading edges shows the reduction in 
the pulse width. Note that the delays are only present at the 
leading edges of the waveforms. Hence the lessthan 50% 


Figure 16. leading edge delay of the drive waveforms 


necessary for ZVS operation. 


duty cycle. Because all the drive signals have this delay 
complementary 
waveform symmetry is preserved. Although 


the delay time can be adjusted using an external resistor, it 
should be kept in mind that resulting actual delays in the 
power circuit may differ, this will be due to slew of the drive 
waveforms, also it requires a finite time to charge and 
discharge the gate capacitances of the MOSFETs. 


The amount of time that is required to complete ZVS will 
vary as the load current reflected to the primary varies. The 
power transformer magnetizing inductance has to be able to 
develop enough current during "ON time" for ZVS to 
complete its cycle. That will require careful design of the 
power transformer. In most cases the transformer will have to 
be gapped. A side effect of the gapping will be the 
stabilization of the magneti~ing inductance. 
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The idealized power transfer cycles of the PMPT are shown 
in Figure 17. Power transfer takes place during the hatched 
periods. The width of these periods depends on the phase 
relationship between the "A" and "B" outputs. A good way 
to observe the phase modulation 
action is watch the 
oscilloscope traces of "A 1" and "Bl" outputs. 


Dark shaded 
areas denote 
times when 
power 
is transfered 
to the 


load. light shaded 
areas denote 
the delay 
in the leading edge. 


Power is transfered to the load when (Al = N1 


H & 61 = N1 


H 
) 
and (A2 = "1' & 82 = "1'). 


Figure 17. Power transfer 
cycles of the PMPT. 


So far we saw that it is possible to do non-dissipative 
switching. The ML4818 power supply controller with its 
operational flexibility 
is able to provide all the necessary 
waveforms needed for such power supply. The most 
important thing left to be done is the design of the power 
transformer. Zero Voltage Switching properties greatly 
depend on this component. 


Figure 18, shows the simplified equivalent model of a typical 
power transformer. The model is indeed very simple, actual 
transformers are very difficult to model due to the presence 
of primary and secondary effects such as saturation and 
inter-winding 
capacitances. 


ll~GE- 


ILOAD 
+ IMAG 


ILOAD- i-;IIf! 
--------+----;.,_......J__4 


IDEAL 
TRANSFORMER 


Figure 18. Simplified 
model of a real transformer. 


It is obvious from Figure 18, that the current that will flow 
through the MOSFETswill be the sum of both the reflected 
secondary current which we call the load current and of the 
current that builds up in the magnetizing inductance of the 
transformer. 
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The load current is a function of the output load and can 
change anywhere from zero to its full rating as it reflects to 
the primary. The magnetizing current on the other hand is a 
function of the ON time and of the primary applied voltage. 
The output filter inductor where the load current flows 
through is normally very large. For all practical purposes the 
reflected current of the primary can be assumed constant 
during the intervals of interest. 


I_VINtON 
MAG 
---- 
LM 


It is also important to remember that inductors can be 
approximated as current sources. With all this in mind lets 
now look into what happens when a power MOSFET 
switches OFF. Figure 19, shows one leg of the bridge circuit 
with the parasitic drain source capacitances. Assuming that 
the lower device was conducting current just prior to turning 
off the following 
events may happen. 


If the gate drive waveform is fast enough and drops to zero 
volts before the drain source capacitance can charge to any 
significant voltage then the turn off event will be non- 
dissipative. This is the principle also with snubbers, where a 
large amount of external capacitance diverts the current 
from the channel for non-dissipative switching. Where the 
PMPT excels is that just before turn ON the energy stored in 
the snubber or drain source capacitances of the MOSFETs is 
returned back to the source as we saw earlier. This way there 
is not a penalty for using additional snubber capacitance. 
And since the turn ON is at zero voltage the switching event 
is losslesseven at very high frequencies i.e., 500KHz and 
above. 


Figure 19. MOSFET switching 
in PMPT, and charge 
and 
discharge 
of the drain source 
capacitances. 


In Figure 19, in order to discharge the drain source 
capacitances there needs to be a certain amount of current 
stored in the inductances of the transformer. Since the total 
charging current is the sum of the load currents and the 
magnetizing current, whenever the load current is low the 
charging has to be done by the current that the magnetizing 
inductance was charged. Hence the importance of the 
magnetizing inductance. 
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One can get quite complicated 
in trying to calculate the 


required amount magnetizing inductance necessary for ZV5. 
Butthe following 
simple procedure could be followed with 


some experimentation 
to get familiar with the technique. 


The required maximum duty cycle is the first parameter to 
consider. Along with the delay that will be introduced by the 
delay circuit of the ML4818, in high frequency conversion 
the effective duty cycle will be reduced by the charging 
effect of the leakage inductance. Here we will assume that 
the reduction of the duty cycle by the charging of the 
leakage inductance is negligible (not true in most of the 
cases). 


Lets assume that the required duty cycle results in a delay 
time to. In other words the time available to complete the 
charging of the drain source capacitance is to. The charging 
configuration of the bridge circuit changes depending on its 
statejust prior to ZV5. In Figure 19, the bridge circuit was 
delivering power to the secondary, so it was in a power 
transfer cycle just prior to the next ZV5. Under this condition 
the drain source capacitances will be charged linearly by a 
current equal to 


IpRI= ILOAD +IMAG 


This is not the worst case. The worst case happens after the 
above there is a period of freewheeling of the current before 
the next device turns ON with ZV5. This corresponds to 
phases (3) and (4) in Figure Sa. During this period the output 
diodes effectively short the transformer and the only 
inductance in the circuit is the leakage inductance and 
carries a current slightly lessthan at the end of the power 
transfer cycle. Therefore all the calculations are based on 
this case. 


l----------------------~ 
I 


I 
I 
I 
I 
I 
I 
I 
I 
VOLTAGE MODE AND 
I 
FEEDFORWARDCIRCUITRY 
I 
L 
I 


During phases (2) and (3) the capacitances charge linearly 
with the reflected load current. During phases (3) and (4) the 
capacitances resonate with the leakage inductance and 
charge in a resonant fashion. The worst case is when the 
load current is very close to zero. Under that condition the 
freewheeling current in the leakage inductance is equal to 
the magnetizing current at the end of the power transfer 
cycle. 


The assumption we are going to make is that the delay time 
represents one quarter of the resonant cycle determined by 
the leakage inductance and twice the drain source 
capacitance of the MOSFETs,since there are two M05FETs 
per side. 


The procedure for calculating the necessary amount of the 
leakage and magnetizing inductances is shown below. An 
important note here is that in most of the cases the leakage 
inductance will be determined by the actual transformer 
construction and it will be a given. In that case the equation 
below could be used first to calculate the required amount 
of the delay time. 


1. Calculate the required amount of either delay or 
leakage inductance value when one of them is the given 
value 


_1_=1 
4tD 
T 
1 
~ 


21t~2CDSLLEAKAGE 


( 
) 


2 
2 
to 


LLEAKAGE = -- 
- 


CDS 
1[ 


~~Micro 
Linear 


to = 1t 
COSLLEAKAGE 
2 


2. Calculate the minimum 
current for ZVS from the 
energy required to reach V1N(MAX)'Note that twice the 
energy necessary to swing one leg of the bridge is 
required to be stored by the leakage inductance. This is 
because we have two ZVS actions during one complete 
power transfer cycle. 


.lL 
12 
= 4(.lC 
V2 
) => 
2 LEAKAGEMAG(min) 
2 
os IN(max) 


4COSV;~(max) 


LLEAKAGE 


L 
- 
\1NtON 
MAG 
- 
IMAG(min) 


To = 3.14 
(225pF)(15~H) 
= 129nsec 
2 


4(225pF)(370V)2 
_ 2.86A 


15~H 


L 
= (370V)(1~sec) = 95.85 
H 


MAG 
2.86A 
~ 


The value of the magnetizing inductance found above is 
somewhat low. This is because we made the assumption that 
there will be ZVS down to very light loads. If we do not 
allow the output load to go to very Iight loads or if we are 
willing to live with NZVS (Near Zero Voltage Switching) 
then the resulting magnetizing inductor values will be higher 
resulting in lower conduction 
losses.The value of 
magnetizing inductance that was chosen for the typical 
PMPT power supply of Figure 23, was 400fJH, the value of 
the leakage inductance was approximately 
15fJH. 
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MORE ABOUT THE ML4818 CONTROLLER, VOLTAGE 
OR CURRENT MODE OPERATION 


The ML4818 controller is able to control a PMPT converter 
operating either voltage mode or current mode. It contains 
special logic circuitry for that purpose. That same circuitry 
allows for voltage feed-forward in voltage mode operation. 
Figure 20, shows the logic circuit internal to the IC that 
enables the above. 


Pin #3 is pulled to ground at the end of the power cycle and 
is kept at ground until the start of the next power transfer 
cycle. Thus the discharge of the feed-forward capacitor is 
enabled. An important note here is that the PMPT operating 
in voltage mode required the internal logic of Figure 20. It is 
not possible to operate voltage mode by only connecting pin 
#3 to the oscillator ramp. This is unlike conventional 
PWM 


regulators. 


Feed-forward voltage mode operation provides automatic 
line correction without the need for the voltage control loop 
to change the duty cycle. The correction takes place within a 
single cycle. The current through resistor RFFis proportional 
to input voltage therefore the charging time of the CFF 
capacitor is proportional 
to input line voltage and 
consequently the time that it takes to reach the threshold set 
by the error amplifier. 


I 
V1N 


RFF=- RFF 


tON = VEl A CFF = VEl Almax 
)CFFRFF 


IRFF 
V1/',(min) 


The necessary values for any given application 
can be 
calculated using the above equations which can be solved 
for any of the unknown values. The resulting ramp will affect 
the open loop gain of the voltage control loop. The open 
loop gain will be independent of the variations in input 
voltage. The open loop gain for the voltage mode controlled 
case can be calculated by using the following. 


where N = Primary to secondary turns ratio 


fosc = oscillator frequency 


Go.1. = open loop voltage gain 


For the circuit in Figure 23, the open loop voltage gain was 
calculated to be 7 or 16.9db, below the corner frequency of 
the output filter. In this case the corner frequency is 4.1 KHz. 


A TYPICAL PMPT POWER SUPPLY 


Figure 23, shows a typical off-line PMPT supply, as it can be 
seen from the schematic diagram only a handful of 
components are required to build a fully functional power 
supply. Specifications for this supply are shown in Table 1. 


The power supply was not optimized for any particular 
application. 
It is important to note that higher efficiencies 
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can be obtained by using lower loss magnetic materials and 
lower ON resistance MOSFETs. 


The controller in this design is located at the primary side. 
The voltage feedback is accomplished with the use of an 
optocoupler. The current transfer ratio for this optocoupler 
is 


almost linear for a limited operating range, this enabled the 
use as it is shown in Figure 23. For more realistic 
applications an error amplifier at the secondary would 
probably be required. If an auxiliary supply is available then 
the controller itself can be situated in the secondary. 
Demonstration board that implements this power supply is 
available from Micro Linear Corp., it is a useful tool in 
gaining familiarity 
with this topology. 


The control loop design for the voltage mode version of a 
PMPT supply is identical to that of a regular full bridge PWM 
converter. For simplicity 
in this case the loop is stabilized 


relying on the ESRof the output capacitor. The feedback 
components are calculated to give enough margin for loop 
stability. 


The gate drive for the four MOSFETsis accomplished by 
using two drive transformers (T2 and 13). There are two 
secondary windings on each transformer to be able to drive 
the two MOSFETs in each leg of the bridge Figure 21, shows 
this configuration. 
The primary of the transformers connect 


to outputs A 1, A2 and B1, B2 through a DC coupling 
capacitor to prevent drive core saturation under abnormal 
conditions. The windings of the transformers are trifilarly 
wound to minimize 
leakage inductances. A toroid of 0.5" 


outside diameter with 10 turns for each windings seem to 


function fairly well. The wires should be insulated to provide 
isolation. 


Figure 21. Gate 
drive scheme for fail-safe 
operation. 


The power circuit consists of a DC blocking capacitor in 
series with the power transformer to prevent core saturation 
under unbalanced and abnormal conditions. The current 
transformer in series sensesthe current for cycle by cycle 
current limit. If the current limit persists then capacitor C8 
charges to 3V triggering an internal comparator and shutting 
down the power supply. The resistor connected across C8 
helps to discharge this capacitor and the power supply tries 
to soft start. 


For high power applications where large size MOSFETsare 
used it may be necessary to use external gate drivers to 


Efficiency at full load and 120VAC 


Output Voltage Ripple 
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I VALUE 


R1, R2 


R3 
R4 
R5, R20 
R9, RlO, R11, R12 


R6 


R7 


R8 
R13 
R16 
R14 
R15 
R17 
R19 
R21 


240K,1/4W 
82K,2W 
39,1/4W 
1K,1/4W 
5.1,1/4W 
4.3K,1/4W 
240K,1/4W 
7.5K,1/4W 
510,1/4W 
1K,1/4W 
1K, 1/4W, 
POT 
100K,1/4W 
330K,1/4W 
100K,1/4W 
5.1K,1/4W 


C1, C2 
C3 
C4 
C5 
C6 
C7,C10,C15,C12,C16 
C8 
C9 
C11 
C14 
C18 
C20 
cn 
C21 
C23, C24 


680~F, 200V 
ELECTROLYTIC 
200~F, 25V, ELECTROLYTIC 
0.1 ~F, CER. 
680pF, 
PRECISION 
470pF, CER. 
1~F, CER 
56nF,CER 
0.33~F, 
630V, 
POLYPROPYLENE 


1OO~F, 25V, ELECTROLYTIC 
0.01 ~F, 1KV, CER. 
1OOOpF,CER. 
220pF, CER. 
120pF, CER 
470pF, CER. 
10nF,lKV 


divert 
the power 
dissipation 
from 
the ML4818 
controller 
to 
the external 
drivers. 
The drivers 
can be simple 
NPN-PNP 


pairs 
Figure 
22, shows 
such a configuration. 


Application Note 19 


_PA_R_T_# 
I 
VALUE 


D1, D2 
03,04,05,06 
09, 
010, 
011, 
012 
013 
014, 
015, 
07, 
D8 
016,017, 
D18, 019 


MUR150 
1N5406, 
3A, 600V 


1N4148 
MBR3045PT, 
30A, 45V, SCHOTIKY 


1N5818, 
SCHOTIKY 


1N5248, 
18V ZENER 


I 
IRF840 


ML4818, 
PHASE-MOD. 
IC 


MOC8102, 
OPTOCOU 
PLER 


200~H, 
0.3A FILTER CHOKE 


15~H, 
L1TZ WIRE, 15A FILTER 
CHOKE 


45T/2X4T/2X4T, 
Lmag = 400~H 
OBTAINED 
BY GAPPING, 
PRIMARY 
AND 
SECONDARIES 
ARE L1TZ 
WIRE, L1eakage = 15~H, 
POT CORE, 


HIGH 
FREQUENCY 
MATERIAL 


lOT/lOT/lOT, 
GATE DRIVE 


TRANSFORMER, 
WOUND 
TRIFILAR ON 0.5" 0.0. 
TOROID 
WITH 
INSULATED 
WIRE 


IT/80T, 
SAME CORE AS ABOVE, 


80T IS AWG 
#28 MAGNET 
WIRE 


_F1 
1 
5A, 250V 
FUSE 
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20 


19 


18 


17 


16 


15 
R8 
14 


13 
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How to Set the Sensitivity of the 
ML4621, ML4622, ML4624 


HOW TO ADJUST THE SENSITIVITY 
OF THE Ml4622/Ml4624: 


The sensitivity of ML462X 
is adjustable by changing the 
voltage level at VTHADJpin. The sensitivity should be set 
at a point which guarantees error free operation with 
minimum 
signal level and the maximum 
noise level on 


the quantizer 
inputs. The first step is to determine the 
input threshold at which errors begin to occur. To 
determine this the following 
steps are recommended. 


1) Tie VTHADJto ground on the receiving station to 
find the maximum 
sensitivity. 


2) Transmit *109 bits of data from transmitting 
station 


and verify that receiving station receives all the bits 
without 
any error. 


3) If receiving station does not receive the data 
correctly, go to step 4). Otherwise 
measure the 
received power and attenuate the receive signal 
more. Then go to step 2. 


4) At this point you know the maximum 
sensitivity of 


the receiving station before it receives any error. The 
minimum 
level must be at least -32.5dBM 
average 
to meet 1OBASE-FLstandard or -27dBM 
peak to 
meet FOIRL standard. Now you can set the 
sensitivity of the receiving station to any level you 
want as long as it is greater than the maximum 
sensitivity and less than minimum 
sensitivity (when 


VTHADJ= VREF)of the ML4622/ML4624. 
The Link 


Mon signal will then turn off (high) before receiving 
any errors. 


5) Now you should determined 
the proper voltage at 


VTHADJwhich 
will 
meet 1OBASE-FLstandard with 


minimum 
signal level and the maximum 
noise level. 


A) Signal Level: The responsivity of the 
HFBR2416 can be as low as 4.5mV/IJW 
and as 


high as 11.5mV/IJW. So we calculate 
minimum 


V1N(P_P)at the input of the quantizer when receive 
power is -29.5dBM 
peak. 


Rp (MV/UW) 
= Responsivity of the HFBR2416 


PR(dBM) = Average receive power 


V1N(P-P)= Input peak to peak voltage at the 


input of ML4622, 
ML4624 


-29.5dB 
= 1.1221JW 


V1N(p-PI= 1.122IJW X 4.5mV/IJW 


V1N(P_PI= 5.049mV 
(0) 


*109 bits to meet 1OBASE-Fl standard and 1010 bits 10 meet FOJRl standard. 


Thus VTHADJfor the minimum 
signal level can be 
calculated 
as follow: 


VTHADJ= 500 V1N(P-P)(IN mY) 


VTHADJ= 500 (5.049) = 2.52V 
(1) 


B) Noise Level: The maximum 
random noise 
(VN(MAXI)of the HFBR2416 is 0.7mV which 
it 
occurs at a responsivity of Rp= 8.2mV/IJW. This 
input signal will 
be attenuated by the internal low 


pass filter of the quantizer. 
If capacitor 
across CF1 


and CF2 is 5pF, the attenuated noise voltage will 
be: 
. 


f = 1/21t800 (C+4) = 22.1 MHZ 


(ML4622/ML4624) 


N=( 
22.1MHZ )(.7mVJ=.294mv 
_ 
125MHZ 
P P 


As shown in figure 1, the signal to noise ratio 
required at the fiber optic receivers comparator 
is: 


SIN @ BERof 1 x 10-10 = 12.8 


SiN @ BERof 1 x 10-9 = 12 


(FOIRL) 


(10BASE-FL) 


We can calculate the signal level at the input of 
the quantizer. 


5 = V1N(P_P) 


V1N(P_PI= (12.8)(.294) = 3.76mV(P-P) 
(FOIRL) 


VIN(P_PI= (12)(.294) = 3.52mV(P-P) 


(10BASE-FL) 


The link monitor threshold of the ML4622/24 
should be set to reject the output voltage of the 
HFBR2416 when it is 3.52mVp_p for the 
1OBASE-FLor 3.76mVp_p for the FOIRL. The 
VTHADJfor this signal level can be calculated 
as 


follows: 


VTHADJ= 500 (4.74) = 2.37V 
(ML4622) 


VTHADJ= 417 (4.74) = 1.97V 
(ML4624) 
(2) 


Setting the VTHADJat 2.5V (tie to VREF)will set the 
input threshold greater than the maximum 
noise 


level of both specifications. 
This will allow the 


quantizer to reject the worst case noise levels and 
meet both specifications 
for minimum 
signal level 


of 5.049mVp_p. 
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10-6 
10-8 


HITERRORRATIO(HER) 


HOW 
TO SET VTHADJ FOR GREATER SENSITIVITY: 


Lower voltage at VTHADJgives you more sensitivity. By 
adding a resistor divider as shown in Figure 2 you can 
lower the voltage at VTHADJto have sensitivity more than 
-29.5dBM 
peak. You can calculate the resistors' value as 
follow: 


- 
Find the VTHADJfor the sensitivity you want at the 
input of the ML4622/ML4624. 


VTHADJ= 500 V1NIP-P) 


VTHADJ= VREF(Rl/Rl 
+ R2) 


VREF= 2.5V 


VTHADJ= 2.5V (Rl/Rl 
+ R2) 
(3) 


- 
Set Rl = 1k and solve EQU. 3 for R2. 


VREF 


~ 


R2 


VTHADJ 


Rl 


HOW 
TO SET VTHADJ IN THE ML4621 
TO MEET 10BASE-Fl 
STANDARD: 


To determined 
proper voltage at VTHADJwe must calculate 
VTHADJfor the minimum 
signal level and the maximum 


noise level. 


A) Signal Level: As we calculated 
in Section 1, the 
signal at the input of the ML4621 
can be as low as 
5.049mV 
peak to peak. Thus, VTHADJfor the 


ML4621 can be calculated 
as follow: 


VTHADJ= 0.7V + 600 V1N(PEAK)(IN mY) 


VTHADJ= O.7V + 600 (5.049/2) 


VTHADJ= 2.21V 


B) Noise Level: As explained 
in section 1, we can 
calculate the input signal level at the ML4621 for the 
maximum 
random noise level of .7mV as follow: 


f = 1/21t425C = 37.4MHZ 


(C=l OpF across CFl 
& CF2) 


N=( 
37.4MHZ 
)(.7mV)=.382mv 
_ 


125MHZ 
P P 


V1N(P_P)= (12.8)(.382) = 4.88mVp_p 
(FOIRL) 


VINIP_P)= (12)(.382) = 4.58mVp_p 
(10BASE-FL) 


Since V1N1P_P)is less than 5.49mV 
(1OBASE-FL 


requirement), 
we can set the VTHADJto 2.21 V by 


using a resistor divider from VREF.The resistors can 
be calculated 
as follow: 


VTHADJ= VREF(Rl/Rl+R2) 


2.21V = 2.5V (Rl/Rl+R2) 


Choose Rl = 1K and solve equation 4 for R2. 


2.21 = 2.5V (1000/1 OOO+R2) 


R2 =140n 
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ML4632 
Verses A Voltage Driven Output 


This Application 
Brief covers one of the issues which 
must 


be considered to meet IEEE802.5, IEEE802.4 and IEEE 
802.3 FOIRL and 1OBA5E-FL. The Optical 
Power at the 


output of the LED transmitter (Launched Power) can 
violate these standards. One way to improve this 
parameter is to use a current source to drive a Fiber Optic 
LED transmitter. 


ML4661/ML4662, 
FOIRL and 1OBASE-FLtransceivers, are 
the best solution for 802.3 applications 
(refer to 


Application 
Note 15). However 
if ML4661/ML4662 
is not 


being used in a 802.3 application, 
ML4632 
is the second 


option to be used. 


On the other hand ML4632 can be used for the IEEE802.4 
and IEEE802.5 (4Mbps) applications. 


ANALYSIS 


ML4632 
is a Fiber Optic 
LED driver with a programmable 
current driven output. This will allow user to program the 
output current with the accuracy of ±10% through a 
resistor. The ML4632 
can be used to drive a Fiber Optic 
LED transmitter 
like HP LED transmitter (HFBR1414). The 
ML4632 
regulates the current through the HFBR1414 
regardless of power supply variations or variations 
in VF 


between LED transmitters. This will 
result in a more 


precise launch power at the output of the transmitter. 
However 
if a voltage driven output is used such as CMOS 


or Schotky gates, the variation 
in forward voltage (VF) with 


forward current (IF)and the power supply variation 
must 


be taken into account. These variations cause a wider 
range of Launched Power which will violate the 
standards. 


LAUNCHED 
POWER 


Table 1 shows the HFBR1414 Peak Launched Power 
measured out of 1m of cable and table 2 indicates 
Launched Power range for the FOIRL and 10 BASE-FL 
Standards. 


PEAK 


LAUNCHED 
POWER(dBM) 
CONDITIONS 


PARAMETERS MIN 
TYP MAX 
TA(OC) 
IF 


-15 
-12 
-10 
25 
60mA 


62.5/125fJm 
-16 
-9 
-40 to +85 


Fiber Cable 
NA = 0.275 
-15.5 
-10.5 
25 
55mA 


-16.5 
-9.5 
-40 to +85 


PEAKLAUNCHED POWER(dBM) 


802.3 
MIN 
MAX 


FOIRL 
-18 
-9 


10BASE-FL 
-17 
-9 


Table 3 shows the Launch Power if ML4632 
is used to 


drive HFBR1414. We choose 55mA as forward current to 
meet the HFBR1414's current condition. 


PT(55mA) 
PT(IF) 
PR 


(Note 1) 
(Note 2) 
(dBM) 


CONDITION 
IF 
MIN 
MAX 
MIN 
MAX (Note3) 


High 
60mA -16.5 
-9.5 
-16.2 
-9.2 
+0.3 


Nominal 
55mA -15.5 
-10.5 
-15.5 
-9.5 
0.0 


Low 
SOmA -16.5 
-9.5 
-16.9 
-9.9 
-0.4 


Note 1: PT(S5mAj:Optical 
Power of the HFBR1414 when IFis 60mA. 


Note 2: PTOF):Optical Power of the HFBR1414 for IF= SSmA ±10%. 


Note 
3: PR: is relative 
power 
ratio 
in dBM 
(PT(lF) - Pns51). 
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Table 4 shows the Launched Power if a voltage source is 
used to drive the HFBR1414. To calculate 
IF at high and 
low end, we can calculate the resistor value at nominal 
condition: 


CONCLUSION 


Due to the HFBR1414's Optical 
Power range, Using a 
voltage source as,the LED driver can violate the FOIRL 
and 10 BA5E-FL standards. However 
using the ML4632 to 


drive the HFBR1414 meets both standards in the worst 
condition. 


R = (Vcc - VF)/IF 


R = VRlIF 


R = (5 - 1.7)/60mA = 55Q 


50 IF can be calculated 
for the low and high conditions. 


PT(60mAl 
PTl\F) 
(Note 1) 
(Note 2) 
PR(dBM) 


CONDITION 
VF(V) 
Vcc(V) 
VR(V) 
IF (mA) 
MIN 
MAX 
MIN 
MAX 
(Note3) 


High 
1.48 
5.5 
4.02 
73.1 
-16 
-9 
-15.2 
-8.2 
+0.8 


Nominal 
1.7 
5.0 
3.3 
60 
-15 
-10 
-15 
-10 
0.0 


Low 
2.09 
4.5 
2.41 
43.8 
-16 
-10 
-17.8 
-11.8 
-1.8 


Note 
1: PT(60mA}: 
Optical 
Power 
of the 
HFBR1414 
when 
IF is 60mA. 


Note 2: PT{lf}: 
Optical 
Power 
of the 
HFBR1414 
for 
differenllF_ 


Note 
3: PR: is relative 
power 
ratio 
in dBM 
(Pr(lF) - 
Pn60l)' 
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Packaging Information 


Section 11 


Package: J08 


Package: P08 


Package: 508N 


Package: j14 


Package: P14 


Package: 514N 


Package: j16 


Package: P16 


Package: 516N 


Package: 516W 


Package: j18 


Package: P18 


Package: 518W 


Package: J20 


Package: P20 


Package: Q20 


Package: R20 


Package: 520W 


Package: P22 


Package: J24W 


Package: J24N 


Package: P24W 


Package: P24N 


Package: R24 


Package: 524W 


Package: J28W 


Package: P28W 


Package: Q28 


Package: R28 


Package: 528W 


Package: H32 


Package: Q32 


Package: 532W 


8-Pin Hermetic 
DIP 
11-1 


8-Pin Molded 
DIP 
, 
11-1 


8-Pin 50IC 
(Narrow) 
11-2 


14-Pin Hermetic 
DIP 
11-2 


14-Pin Hermetic 
DIP 
11-3 


14-Pin 50IC 
(Narrow) 
11-3 


16-Pin Hermetic 
DIP 
11-4 


16-Pin Molded 
DIP 
11-4 


16-Pin 50IC 
(Narrow) 
11-5 


16-Pin 50IC 
11-5 


18-Pin Hermetic 
DIP 
11-6 


18-Pin Molded 
DIP 
11-6 


18-Pin 50IC 
11-7 


2o-Pin Hermetic 
DIP 
11-7 


2o-Pin Molded 
DIP 
11-8 


2o-Pin Molded 
Leaded PCC 
11-8 


2o-Pin 550P 
11-9 


2o-Pin 50IC 
11-9 


22-Pin Molded 
DIP 
11-10 


24-Pin Hermetic 
DIP 
11-10 


24-Pin Hermetic 
Ceramic DIP (Narrow) 
11-11 


24-Pin Molded 
DIP 
11-11 


24-Pin Molded 
DIP (Narrow) 
11-12 


24-Pin 550P 
11-9 


24-Pin 50IC 
11-12 


28-Pin Hermetic 
DIP 
11-13 


28-Pin Molded 
DIP 
11-13 


28-Pin Molded 
Leaded PCC 
11-14 


28-Pin 550P 
11-9 


28-Pin 50IC 
11-14 


32-Pin TQFP 
11-15 


32-Pin Molded 
Leaded PCC 
11-15 


32-Pin 50IC 
11-16 
III 


~~Micro 
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Package: J40 


Package: P40 


Package: G44 


Package: Q44 


Package: 
H44 


Package: 
H48 


Package: G52 


Package: 
H52 


Package: 
H64 


40-Pin Hermetic 
DIP 
11-16 


40-Pin Molded 
Plastic DIP 
11-17 


44-Pin PQFP 
11-17 


44-Pin Molded 
Leaded pee 
11-18 


44-Pin TQFP 
11-18 


48-Pin TQFP 
11-15 


52-Pin PQFP 
11-17 


52-Pin TQFP 
11-18 


64-Pin TQFP 
11-18 
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Package: 
J08 
8-Pin Hermetic 
DIP (CERDIP) 


\- ~3;it/l~~~ 
·1 


-+ D5 
0.275/0.295 
16.98/7.49) 


, 
1 
4 


__I 1-0.055/0.065 
0.290/0.320 


11.40/1.651 
17.36/8.131 


0.020/0.050 
b1 


0.200 
MAX 
~ 
10.500r· 
2 


7) 
~ 


(5.081 


2 + 
t SEATING \0.. I 
0.008/0.012 


~ 
,MIN 
PLANE 
.•.. 
0°/15° 
' ..•••...•• (0.203/0.3051 


0.016/0.020 _11_ 
~ -I • (~:~~~) 
MIN 


10.406/0.508) - ~~~~~:~~~ 


Package: 
P08 
8-Pin Molded 
DIP 


t~:~~~~:~~~ 
-I 
-.0 


5 
0.240/0.260 
(6.09/6.60) 


t 
1 
4 


_I 
I 
0.050/0.065 
I-- (1.27/1.651 


~::+:~~':{~:, 


13.17) • 


0.016/0.022 
~ 11__ 
_. 
0.005 MIN 


10.406/0.5591 
(0.127) 


•. 
0.090/0.110 
12.28/2.791 


0.290/0.320 
I:"".""I 


\0.. ~ 
0.0091/0.014 
!~ 
0°/15° 
~10.229/0.356) 
III 


"Micro 
Linear 


Package: 
S08N 


8-Pin 
SOIC 
(Narrow) 


.187/.198 
8 


.011l.0211Yp...jk 
I 
Il.018 
MIN 
1.4571 
1.280/.5331' 
-l I- 14 PLCSI 


.050 ±.008 
11.27 ± 0.201 


L 


.0591.070 c=::J 
(1.50/1.791 m::lQQJl 
r 
SEATlNG7 
PLANE 


.148/.159 
13.76/4.041g 
.0071.010 
1.177/.254) 
.L 
t I 
-II- .0141.037 


• 
•• 
1.355/.9401 


.228/.246 
15.79/6.251 


Package: 
114 
14-Pin 
Hermetic 
DIP (CERDIP) 


;~~::::::I 
_I I- 0.050/0.065 


(1.27/1.65) 
0.290/0.320 


0'2~~ 
~ F~""~ 
(5.08). MAX 
~ 


0.1~- 
. 
Il::EATING 
0.008/0.012 
{3.17~ 
PLANE 
~ 
-(0-.20--3/-0-.30-5-1 


0.016/0.022 
- II. 
W _ 
0.010 \"./1 
.0"/15" 


(0.406/0.559111 
(0.254) 
t"'*' 


0.090/0.110 
MIN 
12.286/2.7'14) 


'Micro 
Linear 


Package: 
P14 


14-Pin 
Molded 
DIP 


0.730/0.770 
I 
(18.542119.558) 
~~l::::::1 
_I I. 0.050/0.065 
(1.27/1.65) 


~~J:.~O:~{.~~ 
0.200 
(5.08) 
MAX 
t: 


EATING 
0.125 + 
IN 
t 
PLANE 


(3.175)+ M 


10.016/0.022 _11__ ~~I (~:~~) 
\../1__ 0"/15" 


(0.406/0.559) 
0.090/0.110 
MIN 


(2.286/2.794) 


Package: S14N 


14-Pin sOle (Narrow) 


I 


.148/.158 
(3.76/4.01) 
.I .228(.245 
(5.19/6.22) 
-I 


1 


-·334/.346-1 


.003/.010 
i8.4878.781. 
~ 


(.07~.254) 
~ 
.054/.064 


'.045/.055- 
- 
-11-.012/.0207' 


(1.14/1.40) 
(.305/.508) 
/ 


SEATING 
PlANE 
III 


NOli: 
1. Dimensions are in inches (millimetm) 
2. Seating plane coplanarity ±.OOS(bottom of leads after forming) 
3. Skewed 
Ol'" benl leads not to exceed .005- from its true position 


'Micro 
Linear 


Package: 
J16 
16-Pin Hermetic 
DIP (CERDIP) 


I 
~ 
0.750/0.785 
"I 
(19.05/19.94) 


:~El:::::::1 


I I 
0.050/0.065 
--j 
"(1.270/1.651) 


0.290/0.320 
I~ 
0.36/8.13) ; I 
0.020/0.050 


~~ 


10.508/1.270) 
~ 


~;20~ 
MAX 
t:;5EATING 
0.008/0.014 
O 25 
J 


PLANE 
.•• 10.203/0.356) 
~ 
MIN 


13.175) 


--H-- 
~ 
0.005 MIN 
"-/1 
/0'/15' 


0.016/0.022 
(0.127) 
I""" 


---- 
0.090/0.110 


10.406/0.559) 
(2.286/2.794) 


Package: 
P16 
16-Pin Molded 
DIP 


I 
" 
0.730/0.770 
"' 
(18.54/19.56) 


~'€l:::::: 
:1 


I I 
0.055/0.065 
-+j 
~ (1.397/1.651) 


0.020/0.050 


~~ 


10.508/1.270) 
:;= MAX 
t:;~~T~~G 
_.- 
MIN 


(3.175) 


--H-- 
~ 
0.005 MIN 
0.016/0.022 
(0.127) 


---- 
0.090/0.110 
(0.406/0.559) 
(2.286/2.794) 


'Micro 
Linear 


Package: 
S16N 
16-Pin SOIC (Narrow) 


.384/.395 
I 
1-19.75/10.041- 


~ 


~ 


.011/.021 
II 
_ I I 
.j ~ .018 MIN 1.457) 
1.280/.5301 ~ 
1"4--l f.- 
14 PLCS) 


.050 ± .005 
(1.27 ± 0.201 


L'__ 
- 
J 


.070/.059 
L 


11.79/1.50) 00000000 
r 
SEATING7 


PLANE 


.148/.159 
13.76/4.041 


.0071.010 rl 


(.178IL4~ 


TI 
-IL 
.0141.037 
\-.- .228/.246 ~ 
U55/.9401 


15.79/6.251 


Package: 
S16W 
16-Pin SOIC (Wide) 


.400/.414 
I 


[; 
110.10/10.521-- 
F1 


~ 


.012/.020 
TYp. 
II 
I I 
_I I 
.025 MIN 


1.304/.5081 
. ~ 
1"4- -l f.- 
--I f.- 1.635 MINI 14 PLC51 


.050 ± .008 
11.27 ± 0.201 


L 


.095/.106 6 -----.J 
(2.41/2.701000000011 
r 
SEATlNG7 


PLANE 


'Micro 
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Package: 118 
18-Pin Hermetic DIP (CERDIP) 


.020(.050 


(S10/1.27) l 
.~I~ISVVW\N\M~m~ 
C 


PLANE 


.125 (3.17) MIN 
~JLJ 
L-J 
(.406/.559) 
.005 (1.27) MIN 


.090/.110 
(2.29/2.79) 


Package: P18 
18-Pin Molded DIP 


C.915 
(23.23) MAX~ 
€[:::::::I 


-ll·05O/.065 
(1.27/1.65) 


.020(.050 


(.510/1.27)] 
. 
~ 


.200 (5.08) MAX + 
t 
SEATING 


.125 (3.17) MIN 
Jh 
PLANE 
~JLI 
L 
L' 


(.406/.559) 
=-..i 
.005 (1.27) MIN 


.090/.011 
(2.29/2.79) 


0.290/0.320 


'" 
(7.36/8.131 ~I 


rm~ 
~ 
UI 
0°/15° 
~ 
(.203/.356) 
"I 


0.290/0.320 
(7.36/8.131 
I:==J 


~~ 
~ 
Ui 
-~- 
(.203/.356) 


~ 
0°/15° 
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Package: S18W 
18-Pin SOIC (Wide) 


.449/.463 -j 


~ 
111.40111.761a al 


~ 


~ 
.0121.020 
TV 
II 
I I 
. 1I 
.024 MIN 


(.304/.5081 
P.~ t- -1 I- 
-I I- 1.610MINI (4 PLCSI 


.050 ± .008 
(1.27 ± 0.201 
L__ 
~ 


.095/.106 
L 
J 


12.41/2.7010nnnn0000I1 
t 
SEATING? 
PLANE 


t 


.290/.3011 
17.36/7.651 
.007/.015 
_ 


1.177/.3811 r 
L 
~J}~--~TIl 
t I 
J I~ .022/.042 
f.- 
.398/.412 
~ 
(.559/1.071 
110.11/10.471 


Package: 120 


20-Pin Hermetic DIP (CERDIP) 


0985 


1 


-. 
--'125"021--_1 


MAX 
~~:E[ 
::::::::1 


0.200 
15.081 
MAX 
+ 
0.020/0.050 


t j mMlvvWfT'" 
,:;r~II~I~~~~;~:~~1 
I I--IL~~;'M" 


MIN 
-....- 
0.016/0.022 
--. 
..- 
0.090/0.110 
(0.406/0.5591 
(2.286/2.7941 


0.290/0.320 


I~(7.366/8.1281-I 


~ 


0.008/0.012 


.-..... 
(0.203/0.305) 


"I .- 0°/15° 
III 


'Micro 
Linear 


r----- 
1.020/1.040----j 


1 
125.91/26.421 
I 
:€[::::::::1 


0.200 
(5.08) 
MAX 


~ 
'0.020/0.050 
~-.-£.;."'" 
~ 
t 
SEATING 
~ 
~PlANE 
~~II~(~:~;;;~:~~) 
IIJ 
(~:~;)MIN 


MIN 
_ L 
0.016/0.022 
_ 
I.-0.090/0.110 
10.40610.559) 
(2.28612.794) 


Package: 
Q20 
20-Pin Molded 
Leaded pee 


_I 1__0.050 ± 0.005 


PIN\11 
11.27 ± 0.1271 


t 
0.390 ± 0.010 
19.906 ± 0.2541 


0.010 
10.254) 
THICK 


0.352 ± 0.Q10 J 
18.941 ± 0.2541 ..••--- 
•.• 1 


SQUARE 


0.290/0.320 


I ~17'366/8'1281 "' 


~ 


0.00810.014 
(0.203/0.356) 
'-I ..-' 
0·/15· 


..- 
.020 
1.5081MIN. 
SEE NOTE 1 
1~:~i~;~:~:~1 
RADIUS 
t 
0.290/0.330 
17.366/8.3821 


t 


'Micro 
Linear 


Packages: 
R20, R24, R28 


20-Pin SSOP, 24-Pin SSOP, 28-Pin SSOP 


1 


-----0----- 


N 


"N" 
DIM."D" 
PACKAGE 
LEADS 
inches 
(mm) 
1.0. 


20 
.274/.294 
(6.95/7.45) 
R20 


24 
.313/.333 
(7.95/8.45) 
R24 


28 
.392/.412 
(9.95/10.45) 
R28 


1.'166/.070 
(1.68/1.78) 


j 
j 


tt~~ 


.068/.078 
.002/.010 
(1.73/1.991 
(.050/.254) 


I 


.203/.215 
I 


(5.15/5.45) 


dJ={-~====)' ~.l 
.~~~:~~ 
-I 1- 
.301/.313 
IT 


(7.65/7.951 
00_8" 


Package: 
S20W 
20-Pin sOle 
(Wide) 


r-- 
.498/.512 -I 
[a a 
(12.65/13.00) 
t::J, 


0 


,'~ 


.024 MIN 
I L610 MIN) 14 PLCS) 


.",,",-II. I I 
-n- 
J'':::;~\I, 
(.304/.508) 
-I I- .050 ± .008 
L 
{1.27 ± 0.201 
.0071.015 
.095/.106 b 
d 
1.177/.3811 


(2.4112.70)000000000 
L 
t 
SEATING 
7 
TI 
J L 
.022/.042 
PLANE (NOTE 11 
I-- 
.398/.412 
.~ 
(.559/1.071 
110.11110.47) 


NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.1271 180lTOM 
OF LEADS). 


NOTE 2: NOMINAL DIMENSIONS ±0.005 
(0.1271 UNLESS OTHERWISE SPECIFIED. 


III 


'Micro 
Linear 


Package: 
P22 
22-Pin 
Molded 
DIP 


1 


----- 
1.120/1.14lJ 
1 


• 
(28.45/28.96) 
• 


~:::::::::]3: 
-J I.-0.055/0.065 
(1.4lJ11.65) 


0.200 


(5.081tu 


0.020/0.050 
Jr:-~ 
(0.51/1.27) 
SEATING 


PLANE 


0.005 


(0.13) 


0.090/0.110 
MIN. 


(2.29/2.79) 


t --II.- 0.014/0.028 


0.125 
(0.36/0.711 


(3.18) 
MIN. 


Package: 
124W 
24-Pin 
Hermetic 
DIP 
(CERDlP) 


1.240/1.290 
------.' 
I 
(31.50/32.77) 


13 -r 


0.510/0.590 
(12.95/14.991 


12 _1 


0.200 
(5.08) 
MAX 


_t__ 
~ 
._.;; 


I t: 
~ 
(0.508/1.397) 


----.t....-= 
r: 
SEATING 
t 
t 
PLANE 


-t ~lll-- 
0.050/0.065 
J I -I- (~:~~~) 
MIN 
0.125 
(1.270/1.651) 
(3.\75) 
__ 
0.016/0.022 
_ 
0.090/0.\\0 
MIN 
(0.40610.5591 
(2.28612.794) 


0.390/0.420 I 


~(9'91/10'671 
"'\ 
I 


~ 


0'008/0'014 


(0.20/0.36) 
0°/15° 


~ 


I_0.590/0.620 -I 


(14.99/15.751 


I 


0.008/0.012 
- 
(0.203/0.3051 
'*"/ 
__ 0°/15° 


'Micro 
Linear 


Package: 
/24N 
24-Pin Hermetic 
Ceramic 
DIP (Narrow) 


I 


1.240/1.290 


. 
"I 
(31.50/32.77) 


[ : : : : : : : : : : :J-g~:to;;: 


0.200 
15.08) 
MAX 


_t__ 
~ 
•._.'" 
I 
tr 
~ 
(0.508/1.397) 


~ 
l3::SEATlNG 
t 
t 
PLANE 


-t ~III- 
0.050/0.065 
J I -I-I~:~~~) 
MIN 
0.125 
(1.270/1.651) 


(3.175) 
0.016/0.022 
_ 
0.090/0.110 


MIN 
(0.406/0.559) 
(2.286/2.794) 


Package: 
P24W 


24-Pin Molded 
DIP (Wide) 


I 


1.210/1.270 
••------ 
(30.73/32.26) 
"I 


13 
-, 


0.540/0.570 
(13.72/14.48) 


12 _1 


0.200 
(5.08) 
MAXL 
0.020/0.050 
'~~."."~ 
+ 
ttSEATING 
r-- 
t 
PLANE 
t -1 


11 
1-0.050/0.065 
I L_I - (~:~~~) 
MIN 
0.125 
(1.270/1.651) 
(3.175) 
0.016/0.022 
_ 
0.090/0.110 


MIN 
(0.406/0.559) 
(2.286/2.794) 


r- 0.290/0.320 
I 
I r(7.366/8.1281 .• 


~~8/0.012 
U 


I 
--F 
10.203/0.305) 


'0.../ 
.- 
00/150 


r--- 0.590/0.620 --I 


I--.r:::= (14.99/15.75) ==:::LI 


0.008/0.014 
-p" 
...- 


10.203/0.356) 
'-I 
~Oo/w 


"Micro 
Linear 


Package: P24N 
24-Pin Molded DIP (Narrow) 


I" 
1.21011.270 
"I 
(30.73/32.261 


~:::::::::::I 


+ 
0.240/0.270 
(6.096/6.8581 


+ 


0.200 
(5.08) 
MAXL 
0.020/0.050 


~J:.'~"~ 


~ 
tt5EATING 
~ 
t 
PLANE 


- 
II 
Il 
0.010 
t _11_ 
0.050/0.065 
_I - 
(0.254) MIN 
0.125 
11.27011.651) 


13.1751 
0.016/0.022 
0.090/0.110 
MIN 
---..-- 
(0.406/0.559) 
----. 
(2.28612.794) 


Package: S24W 


24-Pin sOle 


r- .600/.614 ---j 
IR R R 115.24/15.601 R R R I 


~ 


~ 
--11.- .0121.020 
--lL .025 MIN 


(.305/.5081 
1.635 MIN) 
(~ PlCS.) 


L~_~ 
t~lu~u U~U~U~U~u 
U-U~u~u-ul 


.095/.106 
j L .050 ± .005 


12.41/2.701 
11.27± 0.20) 


0.290/0.320 


/ 


17.366/7.874i I 
.. 
•. 


D 


0.008/0.014 
10.203/0.3561 


...•..- 


'-I 
.K 
0·/15· 


.290/.301 
17.36/7.651 


.0071.015 1-------1 


1.177/.3811 
~ 
'r~ 
~ I 
J I 
0015/0050 
---I 
0.406 ± 0.010 t 10.38/1.25) 


110.31 ± 0.2541 


'Micro 
Linear 


PHYSICAL DIMENSIONS 
inches (millimeters) 


Package: J28W 
28-Pin Hermetic DIP (CERDIP) 


0510/0590 
112.95/14.9'l1 


~ 


0.200 MAX 
15.081L 
0.020/0.050 


~ 


~S'";O'''''' 


~ 


SEATING 
r ~jtl--- 
0.055/0.065 j L ~- (~::~;~N~IN 
0.125 MIN 
11.397/1.651) 


13.175) 
0.016/0.020 
0.090/0.110 
10.406/0.508) 
12.28612.794) 


Package: P28W 
28-Pin Molded DIP 


1 


---------.. 
1.410/1.470 
135.81/37.34) 
"I 


151 
0.540/0.570J'~' 


0.200 MAX 
15.081L ,..-___________________ 
0.020/0.050 


~~SI0.508/1.271 


t 
=V 
V IVI V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
VI~SEATING 
t ~jtl- 
0.050/0.065 
I I 
~ 
I;l;~~ 
MIN 


0.125 MIN 
11.27/1.651) 


13.1751 
0.016/0.022 
_ 
0.090/0.110 


10.406/0.5591 
12.28612.794) 


r- 0.590/0.620 ----I 
I r- 
(14.99/15.751 ---, 
I 
t 
I 
0.008/0.012 


C 
-\.- 
10.203/0.3051 


0°115° 


~ 


r-- 0.590/0.620 
I...r- (14.99/15.751 
t 
"m' 
"-.f~ 
j4 
.00""" 
- 
- 
(0.203/0.3561 III 


'Micro 
Linear 


Package: 
Q28 
28-Pin 
Molded 
Leaded PCC 


0.050 ± 0.005 
--j 1- (1.270 ± 0.127) 
D 


P'Nl~' 
-i 


0.450 ± 0.010 
111.43 ± 0.2541 


SQ. 


-~ 


-11- 
0.490 ± 0.012 
(12.45 ± 0.3051 


SQ. 


-!I-- .0121.020 


1.305/.5081 
TYp. 


---1L.024 MIN 


(.609 MINI 
(4 PLCS.I 


L 
_ 
6nppnnnnnnnnnnd 


.095r,:- 
J L .050 ± .005 


12.41/2.701 
(1.27 ± 0.201 


0.010 


(0.254) 
0.035 
RAD 
L 
/iQ.889i 
tli _t .013 (.330) 
l!-t 0.21 
.533 


-~I 


t 
0.390/0.430 
(9.906/10.92) 


8COF 
8END RADII 


+ 


0.155/0.190 
- 
(3.937/4.8261 


0.090 
- 
(2.286) 
MIN 


Package: 
S28W 
28-Pin 
SOIC 


0.294 ± 0.010 
(7.47 ± 0.251 


.0071.015 l--I 


(.177/.3811 I~ 
t=LdJ=r-f 


.0221.042 


1.559/1.07) 


.398/.412 


(10.11110.471 


'Micro 
Linear 


PHYSICAL DIMENSIONS 
inches (millimeters) 


Packages: H32, H48 
32-Pin TQFP, 48-Pin TQFP 


"'" 
"W", __ 


-t 


j 


~ 
.M7MAX 
i"';'.10) 
j 
(1.20) 
J L .014/.02. 
J1 


(350/.650) 
0"-00 


.•.•.. 
32L 
48L 
.,.. 
315 
BASK: 
.0191 
BASIC 
(.00) 
(SO) 


"W" 
.009/.015 
.006/.012 
(.23/.38) 
(.20/.30) 


PACKAGE 
H32 
H48 
10 


Package: Q32 
32-Pin Molded leaded 
PCC 


:;11- 
.050 ± .005 
(1.27 ± .1271 


PIN1~ 
-1 


0.553/0.547 
114.05/13.891 


1 


·05951.0595 


(15.11114.861 


~ 


'4531.!.!.J!)r 
.447 
11.35 


:::~(;i:~~) 


tiHHHHHHiJ 
I-.430 (1O.921..j 


.390 
9.91 


.20 (.008) 


NOML 
-t- 
J .013 (.3301 
t 0.21 
.533 


I I t .121/.142 
- 
13.07/3.611 
-. ..-:~~~ 
(~:::) 


---. 
...-- .015~MIN 


(.381) 


'Micro 
Linear 


/PiN11D 
o 
I 


.29'/.30' 
(7.39/7.65) 


I 


.4'7/.427 
('0.59/'0.85) 
-I 


.083/.093 


-.L(2.11/2.3n 


.004/.010 
r.=,:==c.._=. 
==:\""'i\_' 
(.102/.2$4)"l:.~ 
~~ 
! I!= 
, 


t I I 
.025/.037 
-----) 


- 
- 
(.638/.942) 
0"-8" 
! 


.09G'.1(1O 
(2.28/2.54) 


.025/.031_ 
(.634/.786) 
_11_ 
.0'41.0201 
(354/.506) 


MlTIS: 
1. Dimensions 
are in inches (rrillimeters) 


2. lead 
copIanarity 
to be within 
.005" (127mm) 


3. Max lead skew .005" (.127nm) 
from 
its true position 


Package: 
/40 
40-Pin 
Hermetic 
DIP 
(CERDlP) 


-r 


0.510/0.590 


20 
112.95f 4.991 


.+-~~ 
,,"W""" 
~ 
I 
U,;OR/L27U 
5.08 I 
--.t 


MAX. + 
~ 
SEATING 
-t-- 
t 
PLANE 
-II 
JI 
JI 
0.010 
t 
~ 1_ 0.OSO/0.06; 
-I - 
0.25. 
MIN. 


~:~~ 
_ 
~~7~,~'i~~22 
__ 
0.090/0110 
__ 
0090/0110 


MIN. 
0.40&/0.559 
2.28612.79. 
(2.28612.79.) 


f--- 0.590/0.620 - 
I r:::= (14.99/15.75) 


'Micro 
Linear 


Package: 
P40 
40-Pin 
Molded 
Plastic DIP 


--l l-0.065/0.050 


Cl.6511.2n 


0.200 


15.08} 


~ 


Packages: G44, 
G52 


44-Pin 
PQFP, 
52-Pin 
PQFP 


- 
(1~~~~~:'~5)--- 


I 


-~- 
{9.88/1 0.12) 


-N- 


"N" 
44L 
52L 


"P" 
.0315 
(.80) 8SC 
.0265 
(.65) ssc 


"W' 
.012/.018 
(.30/.45) 
.090/.014 
(.22/.35) 


PACKAGE 
G44 
G52 
10 


I 


1 


537/557 


(13.65/14.15) 


389/3.99 


(9."""0.12) 


J 


DETAil "A" 
1.6Omn 


~ 


EA~D 
-- 
FORM 
.005/.009 
--,-- 
r (.130/.230) 


.074/.0114 
(1.88/2.13) 
I 
---.L.- 
I 
[= 
LO'to" 
~ L .026/.037 
(.63/.95) 


III 


SEE DETAIL 
-A- 
\ 


.._h_.. 
I 


~\ 
.075/.095 


~/ 
(I.90/2.") 


JI 
"'--/1 
_uw- 


'Micro 
Linear 


Package: 
Q44 
44-Pin 
Molded 
Leaded pee 


n 
0.654 ± 0.010 


(16.61± 0.251 
U 


0.010 


(0.251 


LD. THK.L 
T7 


-l.013 
(.330) 


fo.21.533 


0.600/0.630 
(15.24/16.001 
Be OF BEND 
T 


0.690 ± 0.015 


(17.53 ±0.3BI 


SQ. 


Packages: H44, 
H52, 
H64 


44-Pin 
TQFP, 
52-Pin 
TQFP, 
64-Pin 
TQFP 


44L, 52L, 64L TQFP 
10 x 10 x 1.0mm BODY 


"N" 
44l 
52l 
64l 
.,.. 
.80 BASIC 
.65 BASIC 
50 BASIC 


(.0315) 
(.0256) 
1.019n 
"W' 
.18/32 
.23/37 
.18/32 
1.007/.013) 
(.009/.0151 
(.007/.013) 


PACKA.GE 
H44 
H52 
H64 
10 


j 
j 


.O~ 
I .047 
MAX 


(.900/1.101 
(1.20) 
I-l 
L014/02. 
J1 


(.3501.650) 
0'"-8"' 


OJ> Micro Linear 


